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kH2©'HM 1 4£©|fflfc:EiBSftfc*|lMn 5k£ 
Kt % U— if If— A 3 5 fc <fc o T'lt$g©fH^*3<fe 
[0 0 3 7] Hl©««l 1*5^^2 ©aS 1 2tt, 

tc, h 1 ©as 1 1 <£mn 2 ©as 1 2 ©rttj 

SI 5#D ©SffifcfcL ^SEiSUTh^v+^fflflP 
ffl©^;l/-y «?nt^tfeJ;i\ Sioi 
fil l*5cfcmg2©*Ki 2©MiJ©^ffi«, — JKWK 

mt. Vh-fl 1 a (U— if If— A3 5©A*MU£ifi 
V^©pffi) KgBgLTt,«fcVU 1 alio 

(w- tfe-A3 5©Aftf»e»sv^©^®-efe 

fc, 1 ak7>Fl 1 bkOWPSffciaftLT 

[0 0 3 8] Hl©S*l lfe«fctf^2©»Kl 2fi, 
Sfctttfy^^M^'JU-h (PMMA) k 



^rcMm*m^x&f&x^% 0 ccd^x^, ^ji~f 

BHB*«#£ U\ £ 1 ©MS 1 1«> I«3 9 0nm~ 
4 3 0 nmOlBfflrtcftKimtS^ffn&Vb^cktf 
jfSLW, Hi ©SS 1 1 ©JSSli, 10/im~7 0 0 
|im (J; D£F$ L < fi, 5 0/im~l 5 0/im) ©iEH 

c fc tffi& U\, H 1 ©SS 1 1 SMS i:\ 
S*U>X©HCBR*** < Tffr U-if If-A 3 5 

Dfctpc:fctfT?#s 0 fckx.a\ m©s«i i©jp£ 
tfioo/i mo^tai, HPigt^ 0 . 8 5 cowtoisy 
Xttm^X&mcmm • tB££?r5 c ktf $ 
fc, H 1 ©»« 1 1 ©J¥£tf 6 00 /i m©J&&fCt±, M 

n&tf 0 . 6 <D$tyau>x*m^rmi?tc%Em • 

fT3CfctfT*#5„ H2©S«1 2(Dm2iZ, 5 0 0/i 
m~l 3 00fim (±0jfSL<tt, 9 00 /*m~l 3 

oo/im) ©iBfflrt"essck3b , «ieFSLv\ 

[o o 3 9] jg i (ommm 1 3 a, ^p^jb 1 5«^s^ 

l ©*S 1 1 {UWiI^BBBStifc, H3 ©Si«#ii 2 
4, Iff 4 ©|?®J! 2 3 , Hl©Sftf«2 2, H3©W® 
«2 K S2(Dil#l2 0, ^2©^®ill 9, Hi 

(ommm 1 8 , h 1 o^mm 1 7 , $s&x$m 1 ©^m 

SI 6^ii^§o $fc, H2©'|f^Sl 4 tt % H2©8 
Si 2ffi!|^P)CfiKSl 5lHlCJifcE«Snfe, H2©S 
*M3 K H7©^ffiil3 0, ^5©lfftl2 9, fg 
6©|?Mji2 8, H2©|B^)12 7, H5©^®«2 

[0040] sli ©fBii* 1 8^ B B B ffl-efe§^©H 

1 ©'IflSif 1 3©M3i^T c (%) k, H 1 ©IBSS 1 

8 m^m^x&^m-^tDm 1 ©it mm 1 3 ©jui^t 

a (%) ktt, SS3 9 0 nm~4 3 0 nmdgifiO 
U-W-&KMLX, 4 0£ (Tc + Ta) /2%m 
fctCtt>m^Lh\ Sfc, TcfeWTalt 0^ | 
Tc-Ta |/Tc^0. 1 5 (J;D§fSL<«, 0^ 
I T c-Ta | /T c^0. 0 5 ) *»fe-T C k AWS 

[0 0 4 1] UK ^2fc«fctf®3©ifStt/il 6, 2 

o *5<fct>* 2 4 «\ n i ©iBSfi 1 8 zmmfrzumtz 

ia^T, 7t©T#^iJfflLT, H1©IB@«1 8©)fc 

mm (%) , ast?fc^i©tiffiHi 3©7ts*f^fe 

[0 0 4 2] cn^©SISft®©/¥?ii, fck^tfVh 

ffi, 197 1^, H3$^W fcaS-5<th»*fflV^T 
ft^Tf#So ^ftWlCtt, | R c-R a I $fc«R c/ 
Ra^iO^K, IOTc6±tfTatf±D*t<ft 

%?is-r§ «t 5 KiHSKtt^rs c ttfx%% 0 

HCX\ R c fe«fctf T c tt % ^tl^tl, H 1 ©IB^S 1 
8^|g B B B ffl^S§^©^ 1 ©fSffiff 1 3 ©£*» 
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^om,\ommm\ 3o^mm (%) ns&Tfmm 

(%) T&So 

[0 0 4 3] cnf>©itftlOS54 0 0nm 

jfifgtfetfS, IBSKJBSftstt, ^ l ©IBUS l 8©M 
iR*^ fg 1 ©fitSDi 1 3 ©£!#4M3J:tfjS»**«S 

^kt^ffl^T, (n-k • i) "e^ftSo 

T cfc<fctfT a£«#f 3fc«>fcfcj\ RttHoaffit 

[0044] ^ms©MjT*}-o^T, mn^^it, 

oT\ SlOitftU 6<Dltf$n 1 £\ H2©B§* 
ft!2 0 ©SSf * n2t ^3 ©f§««I 2 4 ©S#T * 

n 3 tt)\ mi ommm 1 3 <m«^ 

1 CDfBISJi 1 8©ff2£6 nmfc^U fg 1 ©gftfB 

2 2©j¥££:l Onmtf^LTffofCo *©*§£, JS 
Pnl, n2j5itfn3^ Wfn, 1. 7^nl 
<2. 5, 1. 7^n2^2. 8, 2. 0^n3©Pf£ 
fcKJ&f I R c-R a I Sfctt R c/R a 

JLO, 4 0^ (Tc+Ta) /2*mtC?m 

»**©ws *sa£T? * § t^o imimbtiito $ 5 

(C, 2. l^nl^2. 4, 2. 0^n2^2. 8, 33 
«ttf2. 2^n3*»fit5JI^:tt, Ra^D/hJ 
<T?*5ft6, Rc/RatfJ;D*t<, 50S 
(Tc+Ta) /2^jifc-r^*^S©i?5^S-c--t 

[0 0 4 5] C©cfc5fc:> H 1 > ^2:fc«fctf^3©S§* 
ftI16, 2 0£>£tf 2 4 tt % £ 1 ©WfBS 1 3 ©j&I 

* (Tc^Ta) **#<-r*fcv»5atti**f 

§ 0 C©tfn?t>^ ^3©B§Sfl«2 4jW#KMg-??& 

d , m 3 ©§§«#* 2 4 zmmm^ v ^tm, /c t * 
tf a#f*tf 2 . 3 w±©#JB-ej&£-r s c t s L 
v\ H3©Bi*^ji2 4^fe§*i-a-tca, *ft#&i,>j§ 

£fcJ±«LT, 33fi^*e*f^T? 5 %~ i o%±#-rs 
[0 0 4 6] ifftio&fL^ifiittcov^ 

rmmtZo m 1 ©ibus i 8 ^mmm^-zmz 
mr^tctbiat, mm.fc&-oxm 1 ©ibh/i 1 sess 

1 s^i^-rsc^agT&So zotctb. miom 
mwm 1 6 fe 2 ©«§«** 2 0 t a, 

0, i^iiwwcffiTtSo mio&mm 
2 2±(cjfM?nfc^3©Bi*^S2 4fc{±, m^sifi 



WM 1 6, 2 0fe«fctf 2 4 Si, ±EO^Wfe«J:tfiiaW 

e>©iiit#*«:. smmik m\tmtm, mt 
®. mam, fe«ttfcti6*fi*^t>-&fcs^%T?^ 

T?#3 0 W\\Mt LTii, fc£*.^ I n 2 0 3 , Nb 2 
0 5 , SnO, T i 0 2 s MgO, Z n (X Z r 0 2> T 
e0 2 , A 1 2 0 3 , S i 0 2 $fcfiT a 2 O s %f8^ZC£ 

&v%z„ mmtLT&s rctxn, s i-n, ai 

-N, Ti-N, Ta-N, Z r -NSfcttG e -Nfc 

A 1 -0-NSfc«S i -O-N^fflV^Cfc^t 

#So ^bSffcLTtt, tci;xtf S i C»SC^ 
■P#So n-SVBtLTl&s Tc£ %.l£Z nS-S i 0 2 ^ 

[0 0 4 7] tft£©*-?fe, ^l©i§«fl«l 6:fc«fc 
tf® 2 ©M«#:ji 2 0 Z n S - S i 0 2 2ftILT 
V^S 0 ZnS-Si0 2 tt s JB*f*3WK»2. 3©jg0^ 

$^ B s.mr~m. mmmmt>m<, mmmw^zv 

Te0 2 , ZnO s Ta 2 0 5s Z r 0 2 , SfctiT i 0 2 

•So 

[0 0 4 8] Kl 1 ©^®S 1 7 fe^tflf 2 ©^ffiS 1 9 

it. m 1 ©§i*^s 1 6 tm 1 ©iHiis 1 8 tons, & 
* tf m 1 ©iH^ii 1 8 tm 2 ©mttff 2 0 1 oHif» 
K&imtz!it*m±tzim*mTZo ^3 
©was 2 1 fejctfn 4 ©^®s 2 3 n 2 osi«# 
s 2 0 £ig 1 ©sits 2 2 toiiru fecfctfn 1 ©sws 
2 2 3 omwm 2 4 t©KT?!i*SA^i&'r« c t 

%®5±?2> 0 fctz-lf, ZnS-Si0 2 ^B«il 
#**fflv^c«^K:, ffiWfcMQOim&m 1 ©IH^S 

18^1 ©s*fs 2 2 fcKic-r s c ^ *ffi±? So c 
timx l\\ m 1 ©« fss 1 3 omm.m*±% < -rs 
[0049] cne.©i?ffi®o^K:«, s i -n, a 

1-N, Zr-N, Ti-N, Ge-N, Ta-Ni:^ 

0 feSfcfck S » c ft ^^tygf^bti^ffl v ^ S c 

£tfT*#£ 0 S^c, CS/ciiS i Ct^tcmt^m 
V^SCi:feT?#5o ofte»©4Jl?fe, Ge-N5tW 

#'l4*3J:Mltt^fe«ftT^So cft?,^Mji©jp$ 
|g 1 ©'IflgS l 3 ©Slf48Jf»!RiR*tf*t < 
mkLXL&Srctb, CtiZOW^JgOB-ZlZ l nm~ 

1 0 nm (<fc(9$fSL<tt3 nm~7 nm) ©IBHW^ 

TO 0 5 0] mi ©I3I1S 1 8 it. ]y~^f\£~L,omm 
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t* «<ffiEfw»*»6a«o s»«fctt, m i ©tags i 

8&, GetSntSbtT et^tSo iOSME 
tt, G e A S b B T e 3+A 1?a^n§#SOG eCD— g|5^ 
SnT?fig|Lfc#$k -r&to-e, ffljSiW (Ge-S 
n) A S b B T e 3+A (fcfcL> 2^A^2 2, 2<B^ 
4) "e^£ft5#3B£ffl^SCfctf-Z?#5o C©ffi^ 
Kt 1 ©fEitS 1 8 GeJiiffSn , -aft"? 
100*A/(2A + B + 3) Jg^-^SnSCfc*^ 

fc, A«, 2^A^10«fctoWiDfflU\ 
If? 1 ©fEUS 1 8 ©J¥ £ Si, 9 n mJKTTf* D , L 
<«, 3 nm~9 nm©lBHPn?&3o 
[0 051] GeTe-S b 2 T e 3 m~^tm&mt, ffi 

CtlK S n T e Sfcfi P b T e £Ht§2-££ Citio 
T£6fclSiifc3i£*£6K:j$<-Z?tSo SnTefei 
tfPbTefi, G e T e-S b 2 T e 3 ^-7C^i:[5|^ 

^mWismmX&Z,* Hit. SnTefeWP 
b T e it, mghitmmftm<, Ge-Sb-Teilig 
L^-rv\ *58W#6tt, S n T e t>\ GeTe-Sb 

2 t e sMiiTC&Mj&immz&zttmt lt^s l^c 

D{®VlHII»TflE«JiK:l3a"e#5o ftte % SnTe©^ 
fr!>fc:PbTe*;ta*3cfcfc#jrz»&5o £©#&, 
»$U^PbOi», »$U^SnOli:i«'!f$5. 
[0 0 5 2] ^±^LfCcfc5{C % GeTe-S b 2 T 
e TC^ffi^ctC S n T e £}Hf GeTe-SnT 

e-s b 2 T e 3 %mi<Dmmm 1 8(DmtLxm^% 

C fc3^T?fr«o E ©*§£■£&, G e O-SPtf S n XWWl; 
Ztl (Ge-Sn) Te-Sb 2 Te 3 ^f), ISiUfEiji 
S*^t<4So SSK, (G e-S n) T e-S b 2 
T e 3 lLifJfiS b%1)Ux.X (Ge-Sn) Te-Sb 2 
Te 3 -Sbi:-rsci:fj:«fcoT, ISHfcMJg^Xit < 

-rsfcfcfcEiig^ftiae*iRi±^scfc*^, ^© 

[0 0 5 3] fflj^tf (Ge-Sn) A S b B Te 3+A f 

^2 2 fc-rscttctoT, Ife£©±#l> *«fctfiBJMt: 
3iaoffiT*l»Jhtft«o 2^A^ l 0£T£c 

[0 0 5 4] Mz, fijSS^ (Ge-Sn) A S b B T e 

inss n o-^stc.oi/^TUi^-r s.o a = b = 2 ©*§ 



-a, si 1 (Dtmm 1 8 tfi^sns s n ©##« y cm 

?%) «, 0<Y^1 lWctCMWIU^o S 
ft, A = 21?B = 4(D1^ 0<Y<1 5-Z?&3Ci:tf 
£?$Lt/\, £ft, A = 2 2T?B = 2©^g\ 0<Y<2 
2Tfe5C WSU\ A = 22TB = 4©*§ 

0<Y^2 5"Pfe5Ci:*WSLV\ LrctfiX, 
±$Zttm*<D S n ©^f*i, 2 5 JW?%JKTT?** C 

lv\ s n«gft^-r€s fg 1 ©fens 1 

8 ©!6&fflfc#iiSiffli:©liB©Ji^gfl:aVh£ < & 

[0 0 5 5] H2S#figL&^6, lgl©iEiSBl 8© 
$f$H/^M*BHt^T^1-§o 02tt, (Ge- 
S n) ©me 0g?%) , S b(Omm (JI?%) , T e 
(Omm C0S?%) OSi^SftS. j5a«, [ (Ge- 
Sn) , Sb. Te] O^T, C0)MXm^) = (5 
0, 0, 5 0) t\ (Ge-Sn) Te^to jSb 
it. f&Mtf (0, 4 0, 6 0) X\ Sb 2 Te 3 ^t 0 
fot, Ma-blt, (G e-S n) A S b 2 T e 3+A © 
IM^To £cfi, (0, 5 7. 1, 4 2. 9) 
S b 4 T e 3 ^-To %-oX, *§a-c&, (Ge-S 
n) A Sb 4 Te 3+A ©»itc £dfi, jffiMP (4 
4. 9, 4. 1, 51. 0) T&D, A=22T S B = 2 
©fflfig^^-To ^eti, gm& (4 0, 8, 5 2) T'fe 

D, A= l o?B = 2©lia«^fo £fH\ &Mtf 
(2 2. 2, 2 2. 2, 5 5. 6) A=2XB 
= 2 (DffiM%mr 0 & g tt, (18. 2 , 36. 

4, 45. 4) X*%>K>, A=2?B = 4©ifi^^1-o 
£h«, &fiW<(3 7, 1 4. 8, 4 8. 2) T*&D, 
A= 1 0T*B = 4©ffl^^-To ^ j it, &M& (4 
3. 1, 7. 8, 49. 1) A=22fB = 4 

©IM^-To LfetfoT, d-f-g- j T*ffl$ft3 
IBHtt, 2^A^2 21?2^B^4©lifiSc^1-o e- 
f-g-h-??fflSnS>BHt^ 2^A210T2^B^ 
4©fflS*3^" 0 iSd-f ti, 2<A^2 2T'B = 2© 
%m*7jk-fo Be- f tt, 2<A^ 1 0TB = 2©IM 

[0 0 5 6] ffij^S (G e-S n) A S b B Te 3+A f« 
Sn*tm%fflV»TJ**^6 nmOll ©IH^S 1 8^ 
Jg/?ScLfci:i:3, A, Bfe«J:tfSn©iftg*^-rsc: 
fctcj;oT, 3 9 0nm~4 30nmb^iISOU 

[0 0 5 7] ^1 ©ESP 1 8©^fcLT, 

(G e - S n) A S b B T e 3+A frfi&©7C^i)nx./c#^ 
*ffl^Tfe<tV\ C©J:d^, M^tt. ffljS^ [ (Ge 
-Sn) A Sb B Te 3+A ] i 00 -c M c (tttEL, 0<CS 
2 0) XMZtl&o TcMUiCit, MM, A g, A K C 
r. Mn, TK V, Zr, Nb, Mo, Pd, Cu, 
Au v Ni, PU Zn, In, Ga, A K Si, S 
e, Bi,W, Ta, Hf, La, Ce, Nd, Sm, 
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Gd, Tb, :fc<^Dyfr£ft3^£9mrn§ / >ft< 

s n mmzm*. %> cticz? x^imm^mmitt %> 

[0 0 5 8] m 1 (DBMM 2 2 tt, ^WfCti, Si© 

m i oissui 1 8 •vm.Lrmz&ptrtcft 
mz^m i ©ibus 1 8 zimmtL*? < -rs t^s 
tt$£*rrso nn©££fjf 2 2«, %mmz& 
mmmfrhumtz>mi*^?z> a si©£#f«2 2© 

W&£ LTfi, rctZ.il, Al, Au, Ag, SfcfiC 

§ 0 s/c, cn6©&js*±j£#*:u MI4©I*]±£ 

rcimimm(Dmm<Drcit>ic 1 ^^©^©Tfji^to 

Lfc-&&*m*fflv»«ci:fc-e#So HftWtte, Al 
-Cr, Al-Ti, Au-Pd, Au-Cr, Ag- 
Pd, Ag-Pd-Cu, Ag-Pd-Ti, SfcfiC 
u-S i i: V^o 3 „ C*l5© 

Jf>?V©T, Au^©^££fci:A 1 3R©#JB£fflV*3 

d fc^ajfi^KiB^b^-rv^o s i ©flaw 1 

8©)fe!RiK*i:, SlOflNBflU 3©3ia*fc©^V 
XfcWTSfc, ^l<DSif«2 2©j¥2{i, 5nm~ 
1 5 nm (<fc!)#3:L<Hu 8 nm~l 2 nm) W$ 

i: <fc o T, Si ©If IRS 1 3 ©SilWg < ft D t € 

[0 0 5 9] S2©fit$gji 1 4 fC-OV^TSJWr 

5„ S4&£tfS5©f^«#*2 5:fo'<fctf 2 9fi, it 2 

~z>x,%2 (ommm 2 7 (ommn^'M^ c t # -z? 

t, Sfc, fBilMti©^*^*©^^*^ < LTfi^t 

Si, S2£<fctfS3©g§llWf 1 6, 2 0*J«fctf2 4 
fCO^TlBUI! LfcttMX&f&X^ §0 e ne. ©sf«*s 

LXt>£h\ 

[0 0 6 0] If? 5 ©WSJ! 2 6:fc«fctfS6©#?®Ji2 8 
tt, S 4 ©8§m#Ji 25tl2 ©IBISS 27t ©F^, *5 
£tfS 2 ©fBISS 2 7 £S 5 Ollftl 2 9 fc©|BT-*to 

5 ©sum** 2 9 tm2(D%.Mm3 1 fc©HT?ftji*^ 

S2 ©^ffiB 1 7 $3 <fc tf 1 9 £mM<DttHX&l&X%. 
[0 0 61] S2 ©IBISS 2 7 Kfcj\ Jg 1 ©MISS 1 3 



fc-fctfU^fftonSo S2©fB®UP2 7^fB^£tlfc 
teffi©?f£Hu S2©1f$gjf 1 4£«fcoT£fth*n;fcU 
— !fe-i*ffl^Tfr5fci6x S2©'fi$BSl 4©£tf 

[ o o 6 2 ] m 2 <owsm 2 1 it, u-*f e-£©ji*r 

£ o TlgHtS ^HKffl ©H^RT&WfcffigJifc^ 
fSfflfftlfflA^S^, Mfomat, Ge-Sb-T 
e, Ge-Bi-Te, Ge-Sn-Te, In-Sb 
-Te, Sb-Te, Ge-Te, SfcttAg-In- 
S b-T e t^-aft^ffll^Cfc^tS, 
tt, cn5>©^t, A Us Ag, Cu, A 1 s Ga, 
Pds Pt, NK Ce, Cr, Bi, Sn, Se, I 
n. La, C, Si, Ti, Mo, W, Ta, Hf, Z 
r, Nb&cktfVfr^&S^DM^n^^ fcfe 1 
o©K;^ijn^fc#^fflv^L:i:fe^#§o 

[0 0 6 3] Sfc, ^2©IB^«2 7©#^i:LT, W, 
1 ©ffiSWl 8t^i;Ge-Sn-Sb-TeMII 
*fflV^Tt>J:V\ C ©if-n", S20I3SS2 7tt^l© 
13^® 1 8 «fc K> t> iPV^fcfe, S n ©-a-^Mtt^ 1 ©IBil 
A 1 8J:Dfe^ft<Tc!;V\ fflfi^C (G e-S n) A S 
b B T e»,. A Tfa*n«WS%ffl^**&fctt N 2<A< 

1 0 T« 2 < B < 4 ^fe^ C £ iWS LV^o ^ 2 ©fEiUf 

2 7 caw-t s u-if e-Atta^feik m 2 ©tH^ji 

A=l 5©±f^-{Ctt, ll!^*^<ft-3TlBMeAW 
•T§ 0 A=2©if£-fa±, SnO^tiY 
«, 0<Y^5?a5SCfc*WSU\ A=10 
©±f-&^tt, 0<Y^15T?fe«ilfc*WSU>, 
[0 0 6 4 ] ^ 2 ©IBitS 2 7 ^«prff S fc, W, 2 ©'If 
4©S^AWr«o Sfc, ^2©IB®«2 7 
AWT€S ^ 2 ©IB^S 2 7 T^LfcitfffiRfrlSj 
KiSlK L < ft § fci6/h$ I^IB^ v- * nfc 
<<ft§ 0 bfc/b^oT, fg2©f3fiUf2 7©^$«, 8 
nm~l 5 nm"eS§i:fcWSU\ 

[0065] m2<Ds.mm 3 1 112 ©ibiss 2 7 k 

®iK?ti^^«^^m^;$^§ 0 S/c, Sg2©fEiiB2 

<oimmk*&Mbtt%£\i^m&tt&% 0 m2(OK 

SI3 1H:, Si ©SltS 2 2 T«Lfc#^TffMT 
t5, S2©SifS3 1 ©iP^tt, 30nm~150n 
m (<fcD$fSL<(4, 7 0nm~9 0nm) ©IBHrt^ 
*SCfc*W$LV\ ^2(DKMM3 1^3 0nmJ:D 
*^ IttSfWMI^/h* < ft o TS 2 ©fBiSS 2 7 
ftKfcLfc< <&3o Sfe, |g2©SftfS3 l*n 5 0 
nm<fc DffV^^^MH^^t < ft D -T^TS 2 ©IB 

^«2 7©iaiaag3bMST-rso 

[0 0 6 6] ffrlSSl 5ti, ^1©»B^S1 8 ©7*- 
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it, Mtwis rcitm®j&mm%m^?mj8."e* 
%>o $>mm 1 5 oumt, u-^e-a 3 5 ©^r a tc 

m.NA£, U-1fe-A3 5©^*A (nm) fcT?8B£ 

©±f ^© 8 0 %ttZ>t§^r, M&mmA Z U A Z = A / 

{2 (N A) 2} ©STfififH-CSSo A = 4 0 0 nm, 
NA = 0. 6<Dt%, AZ = 0. 5 5 6 /imh^„ C 
±0. 6pmWrttij£j£&£rti:&S©^ * 

s 1 ©ffism 1 8 2 ©ie@ji 2 7 t©M^rt: u 

— lfe-A3 5§I^«Cii^t^j;^^ tfiH 
11 5©JSS«5 0jim«Tfct"3CfcJ&W$LV\, 
[0 0 6 7] 0 1 tc^L^ffiESjfiftti-MT? 

fitSHESfflJti; 1 0 a£#t? 0 Sfe, #IS8i©flH8ia®$i 

[0068] mmm 2 ) uss^ 2 fit$gie® 

[0069] mmBM2 0)mmfimT°M!g-$tiz>mmz 
mmti oafcov^r, ifM0^03{c^t- o c©Sjg 

#&T'&, £f\ lg2©»Sl 2±E^2©ftfgJil 4 
fcJ&STS CDS (a) ) „ «T£, 3§2©flHfi«l 4 

[0070] mmc h7y*y?Mwm<Dy>]/-7& 
&j&?ztircm2<Dm& 1 2 (tct^is, 1 m 

x, ^2©asi z<o?)]^7imi&ztirtWc^ m2 

©SifS3 K ^7 ©IMS 3 0, I5«|2 
9, J: tf S! 6 ©IMS 2 8 mmzftMTZc Jg 2 ©£ 
MM 3 1 «\ lkmfrZ%:%mtt%:A r tfXHHM^X 

^ximm^mit, xrty$vyym (tct^im^x 

ftXKte, At ^SX, %rc&ArjfXtS.mWEftXt<r) 

[0071] m 2 mmm 2 1 %&j$.t% 0 m 2 

(Dtmm 2 7 It, X/^y $ U y ^ffifC J: o T^-et 
§0 JftS"f«£2©l3BJl2 7®ffl^{CiSi; 

fc«# (fefcfclf, Ge-Sb-Te^) fcffl^So 
X^y £ 'J y^ijXCa, A r #X, K r flX, A r # 

xtfcfomsx (N 2 %rcizo 2 frp>wi£n%'j>%:< t$> 
i-D(DfixT*&z>„ my, mmx&%„ > t©ai^ 



[00 7 2] XK, m 5 ©IftSJf 2 6 £|g 4 Oilftl 
2 5£IHfrffM-f3o dti?>©Stt, ±»Lfc5Sf&T?JB 
J^^So H4©B§m#:J!2 5(D^mkK, j&ma&V 
Xm 2 ©fEiSS 2 7 &J6M:S*S WfflffcJDgfcfro T 

[0 0 7 3] ig2©'Ht$g)ll 4 ±£#118*1 5£ 

»s (is (b) ) o 03^-r<j:dK, z.<D%m 
mmxit, $F3m 1 5 (Dm 1 ©as 1 1 1 j©^®^ h 7 
>y*y^»ffl©^>-y^^-rsii-&{r^i^r^ 

"TSo £f\ tit 4 ©Ii«&f 2 5 ±£, tfJ|ffl»l 5©# 

»fc«:ss!{kBu©^iS®{tttiifii*^-rso mtm 
m tc mm z © % , s&m&mx l xmnmmmm 

[0 0 7 4] mm 1 5±IC, M 1 Vffiffi 1 3 

zmmtz urn (c) ) „ itfk, miommi 3 

[0 0 7 5] $-T\ *^*1 5±fc, ^3©^«#:S2 

4, m4(D^mm2 3, mivmsmzz, ^3©^® 
M2 1, m2©B§m*2 0, &&x}m2(D¥mmi 9 
mmcjtmtZo cne©*«, mztomami 4xm 

WLtcft&XBf&XZZo 
[0 0 7 6] ^2 ©WfflS 1 9 ±{C^ 1 ©lE^S 

1 8^fig-r«o mi<Dtmmi 8©ffi^±, mmmm 
ixmmLrct><Dtmmx&z>o mnowmi sit, 

GetSntSbtT e fc^#€?«#^fflV^T/P?^9 
nm«TJ:^S c l;5CM?n§„ m^fCti, Ge- 
Sn-Sb-Te -£r&<DMtt%X/^y % V y??Z C 
KJ:oTJB^Tf#*o S^c Ge, Sn, SbfeitfT 
e © 4 -Q©S^^ 4 0©«i!i^fflV^T|WIB#tX7^^ ^ U 

^-rSCfcfCtoTfeJg^ffSo Sfe* Ge, S 
n. Sb, Te©5-e«BR*^ty{b^ftfA^«:SS^ 

r ^fX, A r ^X fcSJStt^fX ©ii^jSTX, S fc« K 
r fiX£fclfc&ftX£cDM-&fiX%m->%£ttfX% 
§0 ^1©IB^S1 8tt, 0. Inm/fMOnm/ 
^©IBHrtOfigliSS-e^-rS C AWS i^M 

MMS^rO. lnm/#tt±i:t§Ci:iaoT, X/^ 
y ^ U >^X^IE@Htrjifi]{o^A-r§ c t *ffi±x- 
t5o fig^iiS^ 1 0 nm/mXTt-t&C £K 

iot, IE®S©jp$©M»^^&§ 0 
[0 0 7 7] _hS*ffifcj:n«. -S#©IM^^^-fe 



(11) 



Wffl 2 0 0 3-1 6687 



s?\ mmiEtifcm i ©iaii« i 8 tcD^xEjs&ffx 

l£ft%m^rcMl$.t)\ (Ge-Sn) A Sb B Te 3+A £ 

ft o x^ntf , Wfcff nfcflBRiBaMi**^ 5> ns e 

[0 0 7 8] $ 1 (Dtmm 1 8±£, ig 1 <D$m 

hi 7 fecfetf^ i ©pmH 1 6 *nucjgjaf So 

±»bfc£ffiT9&S"T?S5o Hl©BMWll 6 
%mi&Lft<D%K., m 1 ©I3I8H l 8 tWfH-A?: 

JIBftt tr, $ i ©faun i 8 (D^w*m&it?z>®m\t 

[0 0 7 9] g 1 ©1f$8H 1 3±tC, 31 1 ©g 

«i lfcgarrs oas (d) ) 0 si\ nn©g§m 
hi 6±fc, ^kMo^m^^fSo mmtciz. 

So ttflgtt, Xtfyn-haftif^J:oT^T*#So 
6©S?tt, 5 /xm~4 0 /x m©IBffll*IT£S C 

$ lv\ ^bt&o»ii±fj:m i (omm 1 1 *m 
ostwfcjB \6tmi ©»s 1 1 t^^e-rsc 

gfc> fg 1 <0WSl l l ±fc, {I^ifrsfctf)©^- F 
n-hH*JfMLTfe=fcl\, Mitts fcfc* 

[0080] oD&oicLz, mmmir-mwLtcffi 
mmmmmmmx^^o iiM^i»!SLfc 
iffgfats^i, ffiio^fffiTffeSBEnffrSo 
n i (dmm 1 1 ±jc^ i onmm 1 3 Iff 2 © 

££l 2±eS2 0flHBMl 4*Jgj«U cnswi 
Hi 5^LTft5t)*t>^:Tfc<fcv\ =&H^ov^T(±, 

[oo8i] mmm 3 ) 3 xa, *fpj!© 

[0 0 8 2] *^woiasif^^rffif«:fflv-»5iHgS4S 

fi{COV^T-M^0 4 fcjSf 0 04*#MLT, lEISff 
4 0(t If $BfeiS«ft 1 0 *HJ$s2-es X If > F 
4 l fcft^y F4 2 £*€x.S 0 ft'w F 4 2 
t± % tf tf-2.4 3fctH£ifr5¥SH*l'-1f 4 4 fc, 

ix-ifif-A4 3*mm-&mBi'>X4 5t, mms, 
mute i o «t o r^Msnrc ? e-A 4 3 %«tfj 

[0083] if fgiatti^ 1 0 a, mjfts 1 L 
fc*^w©ftaiiagig#'?a&So w^if-A4 3©s 

fitt, 3 9 0 nm~4 3 0 n m©fBHft"££So MtfU 
>X4 5ti, MPfttfO. 4-1. 10lSHrtT?S^o 

[0084] ^sfsjg«i3oiaifi^ffi-e«, 'ifietas 

10*1 m/#~ 5 0 m/#©iBHrt©iBIjgfc:& 
S£5t0$5£^S£i:k:<fco-rff$g©fail, 

ro o 8 5i mmsmmfoi o&h ; ?y*z'7®mm<D 



SLTfc«fc^ (01#!$) o ffiBgtt, ?>-7l 

1 ah^^Fl 1 bCM^KIStf LTfe«tV\ fctZ. 
tt\ m l ©WISH l 3 *5<fctflt 2 ©If $gH 1 4 i: fe K: 
^;l/-^W^tirv^±f^ ^l©1ffgHl 3/^ 
2©1f$gHl 4^\OflHMB»tt, ^>-ytH@/^;l/- 

^isa, ^>-yia@/^yF» 7>Fia^/^> 
~fmm. tzrd&^y nm/^y mm^-rnx^ 

[0086] mmz, mtrz is-w-j* 4 3 

^©t?-^^7-Pp (mW) i;fgV^©/^rx^7 
-Pb (mW) fcC^IHS^5c:fcK«J:oTI2ifrSo 
P p © U— »f if- A©eg|t^ «fc o T# B B H STOmg£ 
ti, Cti^lB^-^fcftSo ES^-^Hfctt, Pb 

[oo87]ii a>mm 1 zttfEam^tzmc^ 

m 1 ©IS^H 1 8 icM&^fr^Xls-if^-L. 4 3 * 

nas-rso imonmt. m 1 ©is^h 1 

^ 2 ©'If ISH 1 4 *Eif S^-T SISKti, It 2 ©la^H 

2 7lC^*-a-fe-frTU-iflf-A4 3£!8Sff So 'Iff 
fg©#^fett, |g2©lH^ii2 7tcJ:oTKif2tl, f^fl 

1 5 ©'IfffgH 1 3 fcfcBSfiLTtfcU— *f l£— 
A4 3*ttH}-rs<:i:fj:«fcoT^5o 
[0 0 8 8] 

So 

[0089] (^sfsflaj 1 ) ^sa^ij 1 x^ ia^H©#^ 
t^toDmmcD^xwmLfco s-f % as^-r-y- 

y^5 0Sff«ife, 0 5O-9-y^;i/5Oti, ^1© 
as 5 1 ±c^?nrc^ 1 ©'1$bh 1 3 a *ft ^s Q 

H 1 ©IffSH 13ait 5 2 fCfc^T^-giR 

[0 0 9 0] S"f N Sffi5 1 fcLT, 12mmX18m 
mOJl?'J*-3l?*-HS 0*£ : 0. 6mm) *ffl« 
Lfco *LT, »S5 1 ±|C, |g 1 Oilftl 1 6 (flf 
? : 9 0 n m) , m 1 ©l?®H 1 7 : 3 n m) s 

^l©ta^Hl 8, $2(DM1 9 : 3n 

m) , 3Z2<DffimfcM2 0 0P£ : 3 6 nm) , fg3© 
2 1 (ff* : 3 n m) „ &£T$m 1 ©SftfH 2 2 

(MS : 1 Onm) *IHfCX^-y^U y^SfCfcoTJg 
^cL^Co 

[0 0 9 1] HSfi^J 1 T'{±, «-M*#:HfC Z n S - S i 
0 2 (S i 0 2 : 2 Omo 1 %) *ffll\ ^ffiJifcG e 
-N*fflV\ ^1©SI#J12 2(CAg-a-^*ffl^fc 0 g 
fc, H 1 ©K^H 1 8 tts taKSC (Ge-Sn) 4 Sb 2 
Te 7 T'i?n§MS (GeilS n©^fM#^ff"£3 
0. 8M?%) XB&Ltco m 1 ©taSH 1 8tt. tim 



(12) 



¥fWl 2 0 0 3- 1 6687 



ffS 1 <DfE®S 18tOGe ©#W»X (H?%) fcSn 
<mLTc 0 

[0 0 9 2] mi (DimiS 1 8©JS£M\ 3nm~12 

1 6:fcJ:tf 2 0©ff£&, jffig4 0 5 nmfCfeltS^l 
©ISilS 1 8 Ogl^&ffctf < fi^fg 1 ©fESE 1 

8 (Dmm.m^ < *s «t 5 v h >j ^xskis^ 

[0 0 9 3] Z n S - S i 0 2 «D«^ 

(IfiS 10 0mm, gS6mm) £ A r HHM^iftJi 
0*7—: 4 0 0W) tZ>ztlc£-o 
TffMLfco «#SJifcJ\ GeOfH Cm%l 00m 
rru JP£6mm) ^Ar j]7* hHM337* t. <DlBiai37>M 
m^XMmi&X'^yZVy'? C^y- : 3 0 0W) t 
%<ltK£-DX&J$,Lrc 0 Hl<D!B§l/il 8M\ Ge- 
S n-S b-Te^(Di» (fig 1 0 0 mm, mt 6 
mm) ^Ar^ll^«^^ijy^ (^7 

sow) tSLfctaotMLfeo unofEH/f 

1 8 Oi&mmmit, 0 . 5 n m/tyGfolt. % 1 OS 
ifB 2 2 fcfc, fg££©«M (It@ 1 0 0 mm. Jp£ 6 m 
m) ^(SX^'^'Jy^ (^7-: 2 0 0W) "TSe: 

[0094] g i (djxmmz 2±t, mmm5 2 
t a * Miittiiai u -aag 53^^ 



#^^r^l^^{t:$-&, £ 1 ©SifS 2 2 fc^5-|S 
«5 3i:*sai«5 2TS»Lfeo MbfctfTfc>f\ SI 
1 ©fEUS 1 8 H\ £K&CD?MMttI ( a s - d e p o 

[0 0 9 5] CCDXdiCLXi^mLrcV-yfMC-D^ 

mmmWte, X-r-^6 1 fc^y K6 2 fc£fl|3.J& 0 
Jfrvy K6 2H\ feS4 0 5 n m©U— tf If- A 6 3 £ 
tMfrS¥»#U-1f 6 4 fc, BBPltotf 0. 6 5©*M*J 

[0096] ^ ■y-yffrtDwmJimz'D^Tmm-t 

LT, ■9-y7';l/5 0fC, 3. 5mWi?5 0 0nsO;^ 
X U-lffcBSIifrU If! 1 OlBf^l 18^as-depo 

7 mWT* 4 0ns <D/WX U— If ^Mftf U £ 1 © 

0 n s ~ 5 0 0 n s ©ffiHF*3T?Bg|tU #H«ffl£l§JI 

H 1 £*rf <, 
[0 0 9 7] 
[Hi] 



(13) 



2 0 0 3 - 1 6 6 8 7 





GeS 


Soft 










(®^%) 


S*(nm) 


(ns) 


1-1 






3 


500< 


1-2 






4 


500 


1-3 






5 


200 


1-4 






6 


SO 


1-5 


30.8 


0 


7 


65 


1-6 






8 


50 


1-7 






9 


40 


1-8 






10 


30 


1-9 






11 


30 


1-10 






12 


30 


1-11 






3 


500< 


1-12 






4 


400 


1-13 






5 


150 


1-14 






6 


70 


1-15 


25.8 


5 


7 


50 


1-18 






6 


30 


1-17 






9 


30 


1-1fl 






10 


30 


1-19 






11 


30 


1-20 






12 


30 


1-21 






3 


400 


1-22 






4 


200 


1-23 






5 


80 


1-24 






6 


50 


1-25 


20.8 


10 


7 


40 


1-28 






8 


30 


1-27 






9 


20 


1-28 






10 


20 


1-29 






11 


20 


1-30 






12 


20 


1-31 






3 


300 


1-32 






4 


100 


1-33 






5 


SO 


1-34 






a 


20 


1-35 


15.8 


15 


7 


20 


1-38 






8 


20 j 


1-37 






9 


20 


1-38 






10 


20 


1-39 






11 


20 


1-40 






12 


20 


1-41 






3 


200 


1-42 






4 


60 


1-43 






5 


30 


1-44 






6 


15 


1-45 


10.8 


20 


7 


15 


1-46 






8 


15 


1-47 






9 


15 


1-48 






10 


15 


1-49 






11 


15 


1-50 






12 


16 



[o o 9 8] m i m&tmwtiz, ^umi^isn 
§„ ccom^immtim^E, miommmi scorn 

[0 0 9 9] gnofvti^, S n(Dm&tfM<%Z> 

mmmt>w^w&~e&^r&, Ge-sb-Tet 
[oioo] mm 2 ) mm o 2 an^ifc 



[0101] s?\ m 1 comm 1 1 1 lx, fin 1 2 0 

mm-ejp^ 0.1 mmCD>t°U hS^fflSL 
feo ^LT, £<DMU±fc, micDmWfaJgl 6 (ff 
?: 110nm),Sl ©WffiB 1 7 0¥2 : 3 n 
m) , m 1 ©IBSS 1 8, fg2©Ml 19 0?S : 3 
nm) , ^2OifftI2 0 0?* :22nm),l3 
©IMS 2 1 0?S :3nm),Sl ©M£f» 2 2 G? 
5 : lOnm) , W.A ©1MB 2 3 0*2 : 3 n m) % 
*5<fctf^3©S§flWl2 4 OP* 1 7 nm) SJUfCX 
/^^'J^lCiotlSLfto ^KDiaSUil 8© 
Jp£«, 3nm~l 2 nm©$EHrtT^E:2-frfco Hi 
*3cfcti : li2©iS»ttJS 1 6*54:r>*2 0©K*fct. $?#4 



(14) 



W^fT 2 0 0 3— 1 6 6 8 7 



0 5 nmfcfcW-SS 1 ©IBiUI 1 8 ©£3>f*Sftbb**:# 
< R-om 1 ©IBitS 1 8 <DfflBMm&*% < <fc o 

fc, if 3 Olt#l 2 4 ©IP? HI 1 ©«fRS 1 3 © 
IBS • #£*5M$ifc:|&#£#3.3 c fcft < $ l ©flNM l 
3 ©38fi^*fifc < & § «fc 5 Lfc 0 

[0102] &9mmw*s nmm 1 1 mmic g e - n 

fcffl^fco WiKtt §WJ 1 fcHaifc ZnS- 
S i 0 2 (S i 0 2 : 2 Omo 1 %) £ffl^fc 0 ^ 1 ©IB 
ill 8£fi, ffl?SciS (G e-S n) 4 S b 2 T e 7 (G 
e : 2 0. 8JS?%, S n : 1 0JS?%) T^?tl£# 



[0 10 3] c©£?£LT?#£nfcfll©1i3EJil 3 
[0 10 4] cftZWy-fMc-o^x, $&1<D1£&IB 

com. m i ©isns 1 s^isnfttT, MJi^T c mi 

fehtco mmmt. $54 0 5 nmtfe1t§I^« 

l feo mim^m 2 e^-r. 

[0 10 5] 

M23 





Gel 


Sni 


asm) 


Ta 


Tc 


(Tc+Ta)/2 


m& 


(15i^%> 






«) 


tt> 


(X) 


2-1 






3 


58 


64 


61 


2-2 






4 


54 


60 


57 


2-3 






5 


50 


56 


53 


2-4 






6 


47 


53 


50 


2-5 


20.8 


10 


7 


44 


50 


47 


2-6 






8 


40 


46 


43 


2-7 






9 


37 


43 


40 


2-a 






10 


34 


40 


37 


2-9 






11 


31 


37 


34 


2-10 






12 


27 


33 


30 



[0 10 6] fg2©1f$8Jf 1 4 £+#&»© u-if e- 
A%X*f?-&SKtt, W, 1 ©MI 1 Z<DW&m\ 4 
0^ (Tc+Ta) /2*ffifctZttf&%L\,\ £2 
3^6M6fr&<fc5f^ £ll©fESSl 8©ff?£9nm 
W"F £T § C £ <fc o T C C t 

6nmOTtt§ilt[:<J;oT, 50^ (Tc + Ta) 
/2£SSrVrcfcan?ff5o LfctfoT, itl©fESUf 
18©JP?«\ 9nmW!f$Ll/\ 

[0107] (*afi09 3 ) Hfl60!l 3 Tfi, 0 1 fc^Lfc 

fflffgEgaBf* i o m^u lit i ©iess 1 8 commx 

[0 10 8] S-f. SlOiffil 1 tLX, m.%1 2 0 
mnrnfff? 0. 1 mmOstfU FSS^fflSL 
feo ^LT, £©S«±^ mi©B§*Wf 1 6 OS 
? : 4 5 nm) , fill ©1MB 1 7 OP? : 3 nm) , 
it 1 ©fE§$* 1 8, Jg2 (o?mm 1 9 OS? : 3 n 
m) , H2©S§«£Ji2 0 OP? : 1 1 nm) , ^3© 
JM« 2 1 OP? : 3 n m) , fg 1 ©KftfS 2 2 0* 
S: lOnm) ,14 ©WSJf 2 3 OP? : 3 n m) , 
33«fctf^3©iSS#Ji2 4 0?? : 2 3 nm) *JKfc* 
£ U .fcoTJBlSLfco it 1 ©ISiSJi 1 8 © 

JP? fi, 3 n m~ 9 n m©IBHrt"e£fl:?'£;fcc 

[0 10 9] HiBJifcJ:tfBI«tt*t^TH:, *ti^ 
tk HSSM2©-9-y^i;^©#^'c--ffMLfco mi 
©ESS 1 8H\ fflJSS (G e-S n) 4 S b 2 T e 7 X 
3l?n5WS*fflV\ SnO^K0~2 0g?%O 
iBHT«?-£;fco ^SfiflJl tUSt©^"^ 



[0 110] 35«C % ^2©lfil 2£LTs itSl 2 0 
mmff? 1 . 1 mmO>fiJ*-^MKIlL 
fc 0 ^LT, C©S«±JC, ®2©£»*3 1 OS? : 
8 0 n m) , mi ©JMS 3 0 OP? : 3 n m) , W, 5 
<Dlt#l2 9 OP? : 1 1 nm) , fg6©^ffiH2 8 

OP? : 3 nm) „ m2©IBSS2 7 OP? : 1 2 n 
m) , Ig5©^ffiji2 6 0?? : 3nm) , *5cfctf|g4 
(Omnium 2 5 0¥? : 6 5 nm) fcX/W^U 

fckoT^L/co wioii^tt m2(Dtm.m 

2 7 ©IBS • H^^ftttf «fc < cfc 5 f^s V h U 
KS-^ < H-mt- «fc o Lfco 
[0 111] H2©SifS3 lfCtt, Ag^fflV^ 
fco ^ffi*tCf±, Ge-N^fflV^fco ^itftKc 
H\ Z n S-S i 0 2 (S i 0 2 : 2 Omo 1 %) ^fflV^ 
fc 0 m2<DiZmm2 7ia^ fi^Ge 4 Sb 2 Te 7 f 

^n^'n, ^»ui-c-«Lfc^-c"^ML/c 0 % 

2©IBSS2 7tt, Ge-Sb-Te^(Di^Ar 
N 2 ^X ^©r^^XISHM'I'Tlt^X^^ ^ U 
0^7— : 1 0 0W) t^ilitaoTMLfco 
[0 112] 35?K, SI 1 ©IBSS 1 8 £H§2©fB§lB2 

7t^, ^n^nmmit, ^r^%^ B {t\,rc 0 ^e© 

ft, m l OflHOT l 3 i:^2 ©'If^S l 4 &££*ttfH£ 
fbftffiH^ffll/^TS^Lfco ^©<J:5fcLT, H 1 ©IB 

mm 1 8©ffi^cfct>"iP?^sa§MiS[©-9-y7 , ;i/^{iF 
[0113] nn^otcL-c^ntz^ry^K-D^ 

fBSv-^©?g£^i:. CNR (Carrier 



(15) 



#§32 0 0 3- 1 6 6 8 7 



to Noise Ratio) tZMMLTco C©fl| 

o. 8 5(onm\yyx^m^tc 0 M^feAtfcNRSw 

^Kfelt«fl^ia^«ftl OOJiaStt, 8. 6 m/ 



s fc Lfco ^ 

[0 114] 
[S3] 



v^F^ (0 1 1 1 b# 







SnJI 






CNR 








JI$(nm) 


<dB) 


(dB) 


3-1 






3 


0 


20 


3-2 






4 


0 


30 


3-3 






5 


5 


37 


3-4 


30.8 


\ 0 


6 


10 


44 


3-5 






7 


15 


46 


3-8 






8 


20 


46 


3-7 






9 


25 


46 


3-8 






3 


0 


25 


3-9 






4 


5 


35 


3-10 






5 


10 


40 


3-11 


25.8 


5 


6 


15 


46 


3-12 






7 


20 


50 


3-13 






8 


25 


50 


3-14 






9 


30 


50 


3-15 






3 


20 


40 


3-16 






4 


25 


47 


3-17 






5 


30 


52 


3-18 


20.8 


10 


6 


34 


52 


3-19 






7 


34 


52 


3-20 






8 


35 


52 


3-21 






s 


35 


52 


3-22 






3 


23 


43 


3-23 






4 


25 


48 


3-24 






5 


30 


52 


3-25 


15.8 


15 


6 


36 


52 


3-26 






7 


36 


52 


3-27 






8 


36 


52 


3-28 






9 


36 


52 


3-29 






3 


25 


37 


3-30 






4 


30 


43 


3-31 






5 


35 


48 


3-32 


10.8 


20 


6 


38 


45 


3-33 






7 


38 


45 


3-34 






8 


38 


45 


3-35 






9 


38 


45 



[0115] ffitimmreit, m^mtzo d b«± 

T^CfcWSK, SOdBJJLhnscWUO 
Sfcs CNR(i, 4 0 d BfiLtT?*SCfctf 
ffSL<, 5 0dB^±t?S§<li:^«fcD$fSLV\ 
[0 1 16] S3fC^f S nfcj&taLTV&v 

■9->7;l/3- 1 ~3-7T?fcj\ CNRA^k 

i o d BttTOofe, s nfcj&birrs fcJBSWfal: 

U J¥?^6 nmTM 011?%© S n^tft^l© 

GftMi 8^ffl^/c-9-y^;b3- l 8T?«, JB**tf3 

4 d BT'CNRtf 5 2 d Btl^ §tf ft*8£#*#5 ft 

fee 

[0 117] HS60>J3©IS£-e«, Ge^tfX (HC 
?%) k. Sn<D$^«Y (M?%) J&X/.5^ 



CNRi^fct f^ftfc^tt^ Lfc 0 
[0 1 18] ^MJ3<D|£Jltt, MISfH^#:© 

Mg/^8. 6 m/ s »K Si8i££3I 

< f 5 M £^ «fc tf C N R It if < * § o 
[0 1 1 9] fcfc, ISffi^2©SaE^^fitffifB8^ 

#1 oa^fNsu xmrnzmmLrctczmrnvm 

Mtmbtifc CKT©IUWJ95, 6, 7, 8, l ote«fc 
tfl li^Tfe, ^§T?feofc) o 

[0120] c^ssm 4 ) mmm 4 $ 1 mmm 

[0 12 11 mWB\A~&±. H 1 ©IHilJI 1 8tDJ*^* 



(16) 



#H 2 0 0 3 - 1 6 6 8 7 



IU£i£ (G e-S n) A S b 2 T e 3+A "ei 



6nmi:L^ 

Lfco SnOtflY (Ml-%) It. GeOtfiX 



[0 12 2] 
[=§4] 





Ge+Sni 


Sni 


A 












(ns) 


4-1 


14.3 


5 


1 


10 


4-2 


22.2 


7 


2 


30 


4-3 


30.8 


10 


4 


50 


4-4 


35.3 


12 


6 


60 


4-5 


38.1 


13 


8 


70 


4-6 


40.0 


13 


10 


80 


4-7 


42.4 


14 


14 


90 


4-8 


44.9 


15 


22 


100 


4-9 


47.3 


16 


44 


110 



[0 12 3] 3H fr5>0J§5>fr& <£ o fc, A 

[0124] mi 5 ) giffiffl 5 t? m 1 ©lEfiWf 
\m u mmm 3 1 mmo^m-r* c n r & «t # 



(G e-S n) A S b 2 T e 3+A t?gJn§#M 
TVl/fcfNHLfco Sn©tSiY GS?%) »s GeO 

[0 12 5] 
[H5] 





Ge+Snl 


Sni 


A 




CNR 










CdB) 


<dB) 


5-1 


14.3 


5 


1 


30 


35 


5-2 


22.2 


7 


2 


34 


40 


5-3 


30.8 


10 


4 


34 


52 


(3-18) 












5-4 


35.3 


12 


6 


32 


53 


5-5 


38.1 


13 


8 


30 


54 


5-6 


40.0 


13 


10 


22 


55 


5-7 


42.4 


14 


14 


16 


55 


5-8 


44.9 


15 


22 


14 


56 


5-9 


47.3 


16 


44 


10 


57 



[0 12 6] ^5fC^f J:?^ ACDf(^/h$v^CN 

r m& < & d , a o){m*^tffi^m8.T~tz>Mfa 
%o mmm5(Dmmm^m^rcm^^ a*\ 2^ a 
[0127] mmm e ) e $ 1 ©tens 
im u mmm 3 1 -e cnr tf ?bs** 



SJSLfco lgl©f3iiJll 8H\ J5££6nmi:U £ 
JjgiS (Ge-Sn) A Sb 2 Te 3+A T'i5tl§#^ffl 

tvi/^s l Tc 0 mmm 5 £ D , S n ©-a-^M Y 
(M?%) H\ GeO^fiX 01*?%) fcStSHUi: 

[0 12 8] 
[16] 



(17) 



#H52 003-16687 





Ge+SnJi 


Sn* 


A 




CNR 


6-1 


14 3 


7 


1 


30 


37 


6-2 


22.2 


11 


2 


34 


42 


6-3 
(3-25) 


30.8 


15 


4 


36 


52 


6-4 


35.3 


17 


6 


36 


53 


6-5 


38.1 


19 


8 


34 


54 


6-6 


40.0 


20 


10 


30 


54 


6-7 


42.4 


21 


14 


26 


54 


6-8 


44.9 


22 


22 


20 


53 


6-9 


47.3 


23 


44 


16 


53 



[0 12 9] ^6fr5W5fr&<J:5t 
JifcfflV^cJfra-fcHu At>\ 2<A^2 2£ 

[0 13 0] (H#£M7) ; 

ft^Lfco mimmmi sit. 



6 mm 



7 Tfti, £ 1 OfBii/f 
[0 13 1] cn^OV-y-fM^D^X, 05<D^B£ 



^ (G e-S n) 22 S b B T e 



##isi»i±, 3Tm^k<7y?L>m^t*M*)WL%m 

U 3 TW#3 d B^T-rSStfOlHlRfc Lfco IBS 

{£#ffi±, 3 T€#£i3£Lfcity:/;^i&etf 9 o °c 

■Z?ffl*fffi£*<2 0 %©S«TK 1 0 OBflifljftfiU 3 T 
[0 13 2] 

mil 



(18) 



2003-16687 



»# 


Snfi 


g 


j i s vz. n& 




7-1 




2.0 


C1 


B2 


7-2 




2.5 


B1 


A2 


7-3 




3.0 


B1 


A2 


7-4 


10 


3.5 


D1 


E2 


7-5 




4.0 


D1 


E2 


7-6 




4.5 


D1 


E2 


7-7 




5.0 


D1 


E2 


7-8 




2.0 


C1 


B2 


7-9 




2.5 


B1 


B2 


7-10 




3.0 


B1 


A2 


7-11 


15 


3.5 


A1 


A2 


7-12 




4.0 


D1 


E2 


7-13 




4.5 


D1 


E2 


7-14 




5.0 


D1 


E2 


7-15 




2.0 


C1 


C2 


7-16 




2.5 


B1 


B2 


7-17 




3.0 


B1 


B2 


7-18 


20 


3.5 


A1 


A2 


7-19 




4.0 


A1 


A2 


7-20 




4.5 


D1 


E2 


7-21 




5.0 


D1 


E2 


7-22 




2.0 


C1 


C2 


7-23 




2.5 


B1 


C2 


7-24 




3.0 


B1 


B2 


7-25 


25 


3.5 


A1 


A2 


7-26 




4.0 


A1 


A2 


7-27 




4.5 


D1 


E2 


7-28 




5.0 


D1 


E2 


7-29 




2.0 


D1 


D2 


7-30 




2.5 


D1 


D2 


7-31 




3.0 


D1 


D2 


7-32 


30 


3.5 


D1 


D2 


7-33 




4.0 


D1 


D2 


7-34 




4.5 


D1 


D2 


7-35 




5.0 


D1 


D2 



C0 13 3]S7ff> A 1~D Wt^r^^l^m^Wt 
^T<$o Mfc&llCit, DK 1 000, 1 0 0 0 < C 1< 
5 0 0 0, 5 0 0 O^B 1< 1 0 0 0 0, 1 0 0 0 0^ 
A 1 -e&So *7t, A2~E2it 3 TlI^£«Ofg 
Ti^to Mffltca, 3dB^D2, ldB<C2 
< 3 d B , 0dB<B2<ldB, A2 = 0dBT'S 

^ 0 &fcs E2«, tsmim&im<s m*wiod 

B &mX*& -DtcCt %7jkto 

[0134] muzmf^dte, mmgtp<Ds b<omm 

i: S n O^fcfc 2: t> tfcfc:J:oT, tM*;l> 

&m 1 1 E@H£#tt t> E ME ft S J2tf 
ofc„ LfctfoT, ^SS$I 7 <Df2fiUl (A=2 2) 
</^if^, SnOttiY (JS?%) fcBfctf, ^ft^P 
ft, 0<Y^2 5, 2^B^4£ffi;fc-f CfcjbWSl/ 

[0135] (gmm 8 ) gytHM 8 -ea, m 1 oibsui 



S(Ge-Sn) 2 Sb B Te 5 fiSn§^»T 

Mm (A = 2) ^fflV^c±f^ BfcJ:tfY:b\ *tl^ 
ft, 2^B^4, 0<Y^ 1 5£JK;fc-r<li:tf»3:Lfr 

[0136] c^fissM 9 ) mm 9 t?i±, & i ©tatts 

l 8 Jctfil l 2 2 c ^H^T^IS 

fB^S 1 8 fidSStf (G e - S n) 4 S b 2 T e 7 T' 
£SftS*fl$fcfl!V\ Mff^l nm~9nm©IBfflF'jT? 
&{tS"£fco m 1 ©SliW 2 2 Ctt A g^^fflV\ J¥ 
££3, 5, 7, 10, 12, 15, 17, 20nmt 

[0 13 7] f^BLfcaBRO-y-y^I/KoVT, KM 

H, % 1 ©StJB 2 2 ©Jp£«, 5 n m~ 1 5 n m©SB 
fflFTe*5e:i:#W£L<x 8 n m~ 1 2 n m<DlBHF*I 

H2 2*%V^i^C(i, H 1 CD'lf iiH 1 3<?>Jx&f*bM£ 



(19) 



#M 2003-1 6687 



TLfco $fc> mi (DKMB2 2^5 nmiDl^t 
fc 0 1 5nm<fcDJ¥V^ |g 1 ©fit $gjf 1 3©il 

[0138] mmm 1 o) ^ubh i ot*«, m 1 ©ib 
mm 1 8fc<fctfft$g{g^©f5ii{uB^t:2#fc£ 

ltv^T^]!M3i:[5]«(D^?ST-9-yy;^^L^o H 
#:WfCtt, |gl©fBit/ll 8fci\ JP?^6nmfcU II 
(G e-S n) 4 S b 2 T e 7 CfcfcU S n : 1 



[0139] cftt>wy?ns<Dmi<Dmmmi 30m 

i: C N R <h £Hfig0!l 3 £ iHtff ©#&-?« L 
fco USSMl OTii, fBHv-^ (^ B B H Kffl) £ 

[0 14 0] 
S8] 









f«S 14 




CNR 

CdB) 


(dB) 


Pp/Pb 
(mW) 


fift 


CNR 
(dB) 


AS* 

(dB) 


Pp/Pb 
(mW) 




52 


33 


7.0/3.0 




53 


35 


9.6/3.6 




53 


34 


10.0/4.0 


7>K 


52 


34 


7.5/3.5 




53 


34 


9.5/3.5 


7>K 


53 


33 


9.9/3.9 



[0 14 1] msfrZWZfrft&oK, £l©it$BJBl 
3 (DfB©{ufi^^;b-y<Dgp^^fe5*^ > K©gB#T* 
*±tfS2 0ffiiii 4©fBiifuK^;l/-7 > 

©a^-efts^^Kcas^Tfafesfrfc^s-f, 3 0 

dB< (JB£*) ^ fc«fctf 5 OdB^CNROSfffctt 

it 1 ©M$BJ1 1 3 cktffg 2 ©If Sfl 1 4 ©#tt« i: 

[0142] (mrnrn 1 1 ) mmm 1 1 T?a, s 1 ©ib 
us 1 8 *5cfc tfs 2 ©ibh/p 2 7 <DBi£%m t ifimtt % 

zt*ffi^X, *Sfi0»J3©-9->^;l/3-i strict 



y-ffrteimLtco Mitffstcii. Hi©l3itJii sfecfc 

tfm 2 ©IBilB 2 714, 9V7h Vtf7>mmHL*?'ffiliL 
v $ U y 5 £ t K <fc o T JftS L fc„ c © J: 5 

{cLrff^nfc^y^i/tcov^r, 7>f» (01© 

7>F1 1 b#JS) fcflM§*IB»U IBHtM^ffitg 
fcfMffiLfc EfiW->r^;MtlSIOfMlin?{4, 3 TfB*|© 
CNR ^iJ^-T § C £ o Tff V\ #J$3© C N Rffifr 
5. 3 d B(£Tf S$T?©0ft*E»1M*;W 
feo fFflSSgm^a 9 ^^fo 

[0 14 3] 

[H9] 





ax 




SiroitfSB 

13 


14 


9-1 




150,000 


200,000 


3-18 




1 00.000 


150,000 



[0 14 4] i£9 frP>m 5 IC, Ttldyfixm 

?v?h yj3xmm^T*nmm*&f&Lrzy-y*?>i 9 
[0145] ($mw 1 2) ^ss$i 1 2m s bfcj: 
Bw%m<tc 0 m^itumMWc^muticm 1 © 

mmmi 8£LT (Ge-Sn) 4 Sb B Te 7 M6n 
mJ^JlU j e©±fCGe-NJB^5 nmJSKHLfco A = 

mbtco ^H^co^yy'Mz-D^r, m&itU&ZMfe 



m\tmmi^ H5©^y;!/5o*f^«u H6©ip 

1 1 8 ©la&bW-e&^y:/ 

5 WiWSLfeo II 1 ©fBit/1 1 8 ©i¥^i± 6 n m 
t Ltzo 1 0 iZ^to 

[0 14 6] 
Si 0] 



■*y?)\, 


B 


SnS 








#^ 




(£*%) 


(ns) 


m% 


CO 


1-4 


2 


0 


90 


10-3 


200 


1-24 


2 


10 


50 


10-4 


180 


10-1 


3 


10 


55 


10-5 


195 


1-34 


2 


15 


20 


10-6 


170 


10-2 


3 


15 


22 


10-7 


185 



(20) 



#lfl 2 0 0 3-1 6687 



[o 1 4 7] 1-24, i-3 4*jt 

R-f & , B = 2 Tf S n ©&mtaT 5 t , gJUfcUSH 
90ns^50ns^20nshl<4^ *-ftlC 

#o Ts iie^tiae» 2 0 0 1 8 0 1 1 0 °c 

t, 3 0°CfgTLfc o *S*fldaKOffi"Ftt, IH@v-^ 

B = 3 3 fc, ^{tEWi 90ns^55ns^2 
2ns fcS{^^fCjS<ftS*^ ftMM tUm& 2 0 0 °C 
-> 1 9 5 1 8 5 °C t> 15 °C(D{&TlCffl%- 6tlfc 0 
t©J:3K:, Sn©»Sll|]t5J:0t., SbfcSn*» 

[oi4 8] mmm 1 3) mtm 1 3 -m. jg 1 ©ft 

mm<DT c, T a fccfctf I AT |/Tc (£<IT% AT 

= t c - t a ) ©fltfcai 2 ©« mm<Dmm i &£(om$k 

[ 0 1 4 9 ] 0 3 ©WfffiESjlKft 1 0 a 2 © 

^S^^DTSiiLfcc Si3iL;feU-y:/;Mc:o^TB4 

©mss^/s^t, fg 1 commm 1 3 tfsjj&Kai 
ste Lfc 0 m 1 o»i 16,^2 commwrn 2 0 N 

:feJ:tf£3©»i*#Jf2 4©JS*£^*.T, Tcfeitf 
T a *1WKW 1 0 a fcHBSLfco 

[0150] $i\ m2comui 2tLx. mmi 20 

mm7l? 1 . 1 mm©*'J MSfcfcffliiL 
fc 0 ^LT, C©£fi±fc:, t§2©Ht$gjf 1 4*^L 
fe. H#W£y\ Ht2©Kifjf 3 1 OP* : 8 0 n 
m) , %S7 ©J?ffiJf 3 0 OP* :3nm)^5 ©Sftt 
ft!2 9 OP* : 1 1 nm) , |g6©WEJf 2 8 OP 
?:3nm),|2 ©fE^Jl 2 7 OP* : 1 2 n mK 
!g5©JMJl2 6 OP*: 3nm) , 33«fctf»40BMI 
ft!2 5 OP* : 6 5 nm) liC7^7^'J^a 
£ o TffM Lfco ^2 ©IBSff 2 714, *Ms£ G e 8 
S b 2 . 6 Te n 1?gjn§M8*L/c 0 * <om>m 

[0151] mzcommmi 4^— ^-a* 

WMt 3 C fc «fc o T, lg 2 ©IH^S 2 7 



[0152] mc, mAcomnwrnz 5±fc > 

[0 15 3] (fiRMI 1 5±fcjg 1 ©fitfgJl 1 3 £ 

mmLfco sptit ^3©^m«2 4, ig4©j? 

ffijf 2 3 OS* :3nm),Il ©KtfJi 2 2 OP* : 
lOnm) , ^3©»II2 1 (If?: 3nm) , ^2 

(OmmWmZ 0, ^2©W1 9 0P*:3nmK 

m 1 ©fEUS 1 8 OP* :6nm),Sl ©Wffl/1 1 7 
OS* : 3 nm) N fe«fctf^ 1 <Dffi&WM 1 6^Hi{C7> 

^-y^'Jy^Kao TffM L fco s m 1 © j ff fgs 

1 3{cu— v\z-k*imtz>zhK&vx, m\ com 
mm 1 8*^Hffi^6*g^fflfc^k*^rs«iaB{t*ff 

■ofco 

[0154111 ©IH^S 1 8f±. fflJ&£ (G e - S 
n) g Sb 2 Te n (Sn : 1 01? %) T?^*ft3*£ft 

[0 15 5] Jfefc, WttllSffl^T, Hi© 

itfg/i 1 3 tm i ©»« 1 1 h^mmhtco m 1 ©as 

1 1 IfiH^l 2 OmmffStfO. 0 9mm©# 
U hSS^rfflV^fco 3 6 ©ff * fc^ 1 

©SSI 1 ©jp*£©-Mf», 0. lmmTf&ofco 
[0 15 6] S4©fPfB^S^ffl^T, SI ©'l»$gS 1 

3 mmimmom, m 2 <omm 1 4 tc^Mje 5 m/ 

s Tf 3 TOT*^;I^ro9M>fclB»Lfeo 5 0 d B © 
CNR^nSPp (raW) t¥b (mW) h^M% 
Lfco £ 1 OflWlW 1 3©^>-y©g|5^^ 3 T 

immm u *<Dfflmft*mm l ft u—^e- 1»& 
rnmrz, m 2 <omm 1 4 ©^>-y©^^ 3 jm 

[0157] Tcfemait miommi 3©* 

ZfmLTcT 1 * X ^M^ftS LT, HJfiM 2 Italic 

[0 15 8] m¥<DT> 1 , D2feiO : D3S, ; e 

tl^tU IK |g2fej;d : m3©^«#:ji 1 6, 2 0*5 
<fctf2 4©iP*^LTV^ 0 

[0 15 9] 

[Si 1] 



(21) 



#IS 2003-16687 





D1 
(nm) 


D2 
(nm) 


D3 
(nm) 


Tc 
(*) 


Ta 
<*> 


|AT|/Tc 


4RJH13 


SS2©«*li14 


Pp(mW) 


Pb(mW) 


11-1 


110 


22 


17 


54 


48 


0.11 




9.3 


3.4 


we 


9.7 


3.6 


11-2 


17 


22 


9 


50 


43 


0.14 


*o»Ht 
KB 


9.6 


3.6 


Eft 
«» 


11.0 


4.1 


11-3 


56 


6 


39 


38 


44 


0.16 


ttS8 


12.6 


4.7 


EBg 


10.9 


4.1 


11-4 


120 


6 


23 


52 


51 


0.02 




9.6 


3.6 


SIS 

«e 


9.6 


3.6 


11-5 


40 


6 


23 


51 


52 


0.02 


tt* 


9.6 


3.6 


EBB 


9.6 


3.6 


11-6 


45 


6 


28 


47 


51 


0.09 




10.6 


4.0 


eg 
*■ 


10.5 


4.0 



[0 1 6 0] Ml UC^-fJ:?^ |AT|/Tc*Vh 

si 2 (ommm Hit mi ©'[figs 1 3 ©« 

< ©T\ jijl^©{£T^#fc>&V^ 5 K T c < T a 
JE-TS e fctf J; U\ 1 1 - 3 tt, (T 

c + T a ) / 2 = 4 1 (%) THEMES < , R-D, 
|AT|/Tc = 0. 1 6T?Tci:Tai:Oi^?V^ 
#M&T?fcSo c©«^{i, Sfl©'lffgjf l 3tf«Mfc 
«Ht?©> SI 2 Off 1 4 OiBSiBfitf 1 3 mWjfi < 

cfcTa £om&jz%WC\ St 1 ©'If ffiff 1 3 *^|SS 
^JdO^tCtt, Sf2©'[f$ggl 4©3Tfl^OWc 
A^^UfCo ioT, I ATl/TcS, 0. 1 
msc L < , 0 . 0 5 JMTTSS e J: 

[oiei]*^ *mm®mz, st 1 ©if$g/i 1 3& 
<ttf^ 2 ©-it mm 1 4 ©tMt:«, st 1 (dsm 1 1 

»frotfe±<, ^©±fi^£t>, |W[«©^i:am 

[oi6 2] (^ss^ij 1 4) mmm 1 4 v h u ^ 
.trass omm 1 3 ©Mji^towf^^ov^ 



[0163] wrmts *°v hmu/m 1 om 

Mfom 1 6 /St l ©l?ffiJl l 7 0*3 : 3 nm). /SI 1 
©fSfl/f 1 8 (JS£ : 6 nm) /Sf 2©^ffijf 1 9 (JS 
2 : 3 n m) /ft 2 ©i§«Wl 2 0 : 2 3 n m) 

/St3©^®®2 1 OP* : 3nm) /SH©£*f«2 
2 (»S : 1 0 nm) /SI 40JMJ12 3 053 : 3 n 
m) /S3 0UW{«i2 4fc^5#Bi*fiSLTfio 
ft. St3©gf«**2 4^av^OtfSftts 

St4©J?ffijf 2 3&ftV»fc0fcLTfWl/feo 
[0 1 6 4] Hi ©MltWi 1 6©J*3D 1 (nm) 
fc, H3©B§m«2 4©TOfe'<tr> > J52£^{b2-£fc 
ttOTc, Ta, A cfccfctfA aJCO^T, ttfltfcfr 
ofc 0 T c :fc«ttf A c H\ ^n^tls St 1 ©fBSUi 1 8 
tf*SHffl-t?S5#&®, St 1 ©'If ffiff 1 3 ©jgl^fcct 
tfSt 1 ©fB»Uf 1 8 OftKlRiSfc^f „ T a *5<t 

0' a a is, ^n^n, st 1 ©iBisa i 8 ^nafg-es 

«#&o, St l ©'If IgS l 3 ©jljl^feitfSt l ©ibh 
m 1 8 to)tKiK$^Sto il-JWg*&^ l 2 fc^-To S 
1 2®*g£fcj\ Stl©fB«Uil 8A^8Sffl^feS#&© 



st i <omm 1 3 ©s*r^R c (%) st i ©ibss 
1 8m^mm^m^(Dm i ©ifigg 1 3©sw$ 

R a (%) fctf, Ra^l, K5^Rc/Ra fcffifc 
■T <k o fc iltl ©JS 5 £I8£ L fc fc # om? & % o 
[0 16 5] 

mi 2] 



(22) 



m$ 2003-16687 





D1 




Tc 


Ta 


Ac 


Aa 


»» 




D3 

(nm) 


W 








12-1 


55 




40 


42 


47 


54 


12-2 


50 


MgO 

Al a 0 3 


1.7 


34 




*to 


Aft 


01 


12-3 


50 


AIN 


1.9 


34 


45 


46 


45 


51 




ou 


Al— Ti-N 

ZnTe-0 


CM 




A a 


48 


42 


48 


12-5 


45 


ZnS-SiOj 

ZnO 
ZrOj-SiOi 


2.3 


17 


51 


50 


41 


46 


12-6 


45 


TeO, 
Ta,0 5 
ZrO, 


2.5 


17 


52 


52 


40 


45 


12-7 


40 


Ti0 2 


2.8 


17 


53 


53 


39 


44 



[oi66]ii 2ic^?£5ic^ ^3commwm2 4 

cfcoT, T c&cfct/T a£:4 5 %l^±tT^ C 

fc 0 Sfc, JStW*#WI; if T c $5<fctf T a < 

tfsc ^^ft-^T»46e»n/to jiii^^ 5 o %&± 

[0 16 7] ft^lS^^fiEf § rcfefc, gmtc 

m i oif$ga 1 3 zimLxmmmttfiytm-zmfeL 

[0 1 6 8] m 1 ©tg$gB 1 3tt. «TOM^I!L 
fc 0 S-f s tt^ 1 2 0 mmtiS 1 . 1 mmO#U 

B2 4, £4<E>#BM2 3 OP'S : 3 nm) , H 1 <D£ 
ttS2 2 OPS : 1 OnmK ^3<D^ffi«2 1 OP 



£ : 3 n m) , If! 2 2 0 (J¥S : 2 3 n 

m) , m2<DWMM 1 9 (J¥£ :3nm),Sl ©IH^ 
m 1 8 OSS :6nm),Il <Dj?ffiS 1 7 (J¥S : 3 

nm) , ^•cfmiomnwmi 6mmcmmLrc 0 m 

1 8 It, Mf&£ (Ge-Sn) 8 Sb 2 Te u (Sn : 1 

ifuwi 2 4 ©ttsftfe i¥Ss ft i (ommfo 

left, UMvrdbKs ^4©#ffiS2 3:fc<fctf®3 0B§ 

VyfMC-D^xm 1 ©fit 4M 1 3 ©»jfi3*T c fecfctf 
T a fcffljg LTcm^m. 1 3 fcjSf. 

[0 16 9] 

Kl 3] 





D1 




Tc 


Ta 




(nm) 




D3(nm) 


(X) 


tt) 


13-1 


55 


SSL 


39 


41 


13-2 


50 


MgO 


34 


44 


46 


13-3 


50 


A (l 0 3 


34 


45 


45 


13-4 


50 


AIN 


34 


45 


45 


13-5 


50 


Al-Ti-N 


23 


49 


48 


13-6 


50 


ZnTe-0 


23 


47 


48 


13-7 


45 


ZnS-Si0 2 


17 


50 


50 


13-8 


45 


ZnO 


17 


51 


49 


13-9 


45 


Zr0 2 -SiOj 


17 


49 


50 


13-10 


45 


Te0 1 


17 


52 


52 


13-11 


45 


Ta s O s 


17 


52 


51 


13-12 


45 


Zr0 2 


17 


52 


51 


13-13 


40 


TiOj 


17 


54 


53 



[o 1 7 o] m i 3 fojrr £?t;: N mmnmtxDtgm 

imbtlfco yryJfr 1 3 - 7 ~ 1 3 - 1 3 Xit 5 0 % 

[own jw±, *mi<D$m<D&mfc-o^?M*& 



Z£tfX*%% 0 
[0 17 2] 

[0 17 3] *5£W<0$BSm£JttK&tl&. rS 



(23) 



rail! 2003-16687 



[03] *^©'lflglH^#:^-ov^T{i©-M^ 
[04] #^©«Bii^£ffifcffl^SKgmgB 
[0 5 ] *^0J©'K$gie^«^©l¥ti(i:ffli/^c-9-y^ 

[H6] ^m<omsBmm<ommtcm^rcmm 

io, i o a mmssmfo 

11 mi ©as 

1 1 a m 
lib 7VK 

12 m2<DMM 

13, 13a ® lOtfffiS 

14 ^2commm 

1 5 ^hoa 

16 Hi ©fi««I 

17 £ 1 ©IMS 

is mi <Dtmm 

19 £2©JMJI 



20 m2<omm.wm 

2 1 HS3©!?®® 

22 mi (DKMm 

2 3 ^4©^ffi* 

24 mzvmmwm 

2 5 !il4©S§«#:S 

2 6 ^5 ©j?®« 

2 7 |g 2 ©IBilJf 

2 8 mstofmm 

2 9 H 5 ©I^WftS 

30 mi(onmm 

3 1 mzcoKmm 

3 5, 4 3, 6 3 U-iftf-A 

3 6 M«S 

40 mmn±mm 

4 1 XtfyHVl/t-^ 
4 2, 6 2 F 

4 4, 6 4 ¥#&W+F 

4 5, 6 5 msly>X 

5 0 tl-^^l/ 
5 1 

5 2 mmm 

5 3 

6 1 



[01] 



[02] 




ssssss/sss sssssy*- 




«««««««^ 




111,118 ^35 



13 



Ge-Sn 
0 A100 




b 50 c 100 



Sb 



[06] 



r~grn 



-61 



64 

-62 



(24) 



^2 0 0 3- 1 6 6 8 7 




(51)Int.Cl. 7 

G 1 1 B 7/24 



HS'JfE-5§ 

5 3 3 

5 3 5 

5 3 8 
5 4 1 



F I 

G 1 1 B 7/24 



r-TO-K (##) 



B 4 1 M 5/26 



7/004 



5 3 1 Z 

5 3 3H 

5 3 3 L 

5 3 5 C 

5 3 5H 

5 3 8 F 

5 4 1 B 

5 4 1 D 
Z 



(25) mm 2 0 0 3 - 1 6 6 



G 1 1 B 7/004 
7/26 



7/26 

B 4 1 M 5/26 X 



F#-A(##) 



2H111 


EA04 EA23 


EA32 


EA43 


FA02 




FA11 FA12 


FA21 


FB05 


FB06 




FB09 FB12 


FB30 


GA01 


GA03 


5D029 


HA04 JA01 


JB13 


JB18 


JB31 




JB35 JB46 


JB47 


JC04 


KB03 




LB04 LB11 


LC06 


MA14 


MA15 




NA15 NA21 


RA01 


RA12 


RA50 


5D090 


AA01 BB05 


BB12 


CC12 


CC14 




DD01 EE01 


EE05 


FF11 


FF21 




GG10 KK06 


KK20 






5D121 


AA01 AA03 


AA07 


DD20 


EE03 




EE07 EE17 


EE18 







PATENT ABSTRACTS OF JAPAN 



(11)Publication number : 2003-016687 



(43)Date of publication of application : 1 7.01 .2003 



(51)lnt.CI. G11B 7/24 
B41M 5/26 
G11B 7/004 
G11B 7/26 



(21)Application number : 2001-209132 (71)Applicant : MATSUSHITA 
ELECTRIC IND CO LTD 



(22)Date of filing : 10.07.2001 (72)lnventor : KOJIMA RIE 
NISHIHARA TAKASHI 
YAMADA NOBORU 



(30)Priority 

Priority number : 2000212338 
2001128904 

Priority date : 13.07.2000 
26.04.2001 

Priority country : JP 

JP 



(54) INFORMATION RECORDING MEDIUM AND METHOD OF 
MANUFACTURING THE SAME AND RECORDING AND REPRODUCING 
METHOD USING THE SAME 



(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an information recording medium which 
has two recording layers and with which high-density recording is possible and a 
method of manufacturing the same and a recording and reproducing method for 
the same. 

SOLUTION: This information recording medium has a first substrate 11, a 
second substrate 12 arranged to face the first substrate 11, first information 
layers 13 arranged between the first substrate 11 and the second substrate 12, 
second information layers 14 arranged between the first information layers 13 
and the second substrate 12 and an intermediate layer 15 arranged between the 
first information layers 13 and the second information layers 14. The first 
information layers 13 include the first recording layer 18 which reversibly gives 
rise to phase transition between a crystalline phase and an amorphous phase by 
a laser beam 35 and the second information layers 14 include the second 
recording layer 27 which reversibly gives rise to the phase transition between the 
crystalline phase and the amorphous phase by the laser beam 35. The first 
recording layer 18 includes Ge, Sn, Sb and Te and its thickness is below 9 nm. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st substrate and the 2nd substrate arranged so that said 1st 
substrate may be countered, The 1st information layer arranged between said 
1st substrate and said 2nd substrate, The 2nd information layer arranged 
between said 1st information layer and said 2nd substrate, It has the interlayer 
stationed between said 1st information layer and said 2nd information layer. 
Said 1st information layer contains the 1st recording layer which causes a phase 
transformation reversibly between a crystal phase and an amorphous phase by 
the laser beam irradiated from said 1st substrate side. The information record 
medium with which said 1st recording layer is characterized by thickness being 
9nm or less including the 2nd recording layer from which said 2nd information 
layer starts a phase transformation reversibly between a crystal phase and an 
amorphous phase by said laser beam, including germanium, Sn, and Sb and Te. 
[Claim 2] The information record medium according to claim 1 with which said 
1st recording layer consists of an ingredient expressed with empirical formula 
(germanium-Sn) ASbBTe3+A (however, 2<=A<=22, 2<=B<=4). 
[Claim 3] The information record medium according to claim 1 or 2 whose 
content of Sn in said 1st recording layer is below 25 atom %. 



[Claim 4] The information record medium according to claim 1 to 3 with which the 
permeability Ta (%) of said 1st information layer in case said the 1st permeability 
Tc (%) and said 1st recording layer of an information layer in case said 1st 
recording layer is a crystal phase are an amorphous phase fills 40 <= (Tc+Ta) / 2 
to the laser beam of within the limits with a wavelength of 390nm - 430nm. 
[Claim 5] The information record medium according to claim 4 with which said 
permeability Tc (%) and said permeability Ta (%) fill 0 <=|Tc-Ta|/Tc<=0.15 to the 
laser beam of within the limits with a wavelength of 390nm - 430nm. 
[Claim 6] The information record medium according to claim 1 to 5 with which 
said 1st reflecting layer, said 2nd dielectric layer, said 1st recording layer, and 
said 1st dielectric layer are arranged for said 1st information layer in this 
sequence toward said 1st substrate side from said interlayer side, including 
further the 1st and 2nd dielectric layers and 1st reflecting layers. 
[Claim 7] The information record medium according to claim 6 with which said 
1st information layer is further equipped with the 3rd dielectric layer arranged 
among said 1st reflecting layer and said interlayers. 

[Claim 8] The information record medium according to claim 7 whose refractive 
index of said 3rd dielectric layer is 2.3 or more to light with a wavelength of 
390nm - 430nm. 

[Claim 9] The information record medium according to claim 1 to 8 with which the 



groove for tracking control is formed in said middle class. 
[Claim 10] Said 1st information layer The interface between said 1st dielectric 
layer and said 1st recording layer, The interface between said 1st recording 
layer and said 2nd dielectric layer, the interface between said 2nd dielectric layer 
and said 1st reflecting layer, And the information record medium according to 
claim 7 further equipped with the volume phase arranged at at least one 
interface chosen from the interface between said 1st reflecting layer and said 3rd 
dielectric layer. 

[Claim 11] The information record medium according to claim 6 whose thickness 

of said 1st reflecting layer is within the limits of 5nm - 15nm. 

[Claim 12] The information record medium according to claim 1 to 11 which is 

within the limits whose thickness of said 1st substrate is 10 micrometers - 700 

micrometers. 

[Claim 13] The information record medium according to claim 12 with which the 

groove for tracking control is formed in said 1st substrate. 

[Claim 14] The information record medium according to claim 1 to 11 which is 

within the limits whose thickness of said 2nd substrate is 500 micrometers - 1300 

micrometers. 

[Claim 15] The information record medium according to claim 14 with which the 
groove for tracking control is formed in said 2nd substrate. 



[Claim 16] The information record medium according to claim 7 with which said 
2nd reflecting layer, said 5th dielectric layer, said 2nd recording layer, and said 
4th dielectric layer are arranged for said 2nd information layer in this sequence 
toward said interlayer side from said 2nd substrate side, including further the 4th 
and 5th dielectric layers and 2nd reflecting layers. 

[Claim 1 7] The information record medium according to claim 1 6 with which said 
2nd information layer is further equipped with the volume phase arranged at at 
least one interface chosen from the interface between said 4th dielectric layer 
and said 2nd recording layer, the interface between said 2nd recording layer and 
said 5th dielectric layer, and the interface between said 5th dielectric layer and 
said 2nd reflecting layer. 

[Claim 18] The process which is the manufacture approach of an information 
record medium equipped with the 1st and 2nd substrates, the 1st and 2nd 
information layers, and an interlayer, and forms said 2nd information layer on the 
substrate of the (a) above 2nd, (b) The process which forms said interlayer on 
said 2nd information layer, and the process which forms said 1st information 
layer on the (c) aforementioned interlayer, (d) The process which pastes up said 
1st substrate on said 1st information layer is included. Said 1st information layer 
contains the 1st recording layer which causes a phase transformation reversibly 
between a crystal phase and an amorphous phase by the laser beam irradiated 



from said 1st substrate side. Said 2nd information layer contains the 2nd 
recording layer which causes a phase transformation reversibly between a 
crystal phase and an amorphous phase by said laser beam. The process of the 
above (c) The manufacture approach of the information record medium 
characterized by including the process which forms said 1st recording layer so 
that thickness may be set to 9nm or less using the base material containing 
germanium, Sn, and Sb and Te. 

[Claim 19] The manufacture approach of the information record medium 
according to claim 18 which forms said 1st recording layer in the process of the 
above (c) by the sputtering method using the sputtering gas containing argon 
gas or krypton gas. 

[Claim 20] The manufacture approach of an information record medium 
according to claim 19 that said sputtering gas contains further at least one gas 
chosen from oxygen and nitrogen. 

[Claim 21] The manufacture approach of the information record medium 
according to claim 19 or 20 which forms said 1st recording layer at the 
membrane formation rate within the limits of 0.1nm/second - 10nm/second. 
[Claim 22] The process of the above (b) is the manufacture approach of an 
information record medium including the process which forms the groove for 
tracking control in said middle class's front face according to claim 18 to 21. 



[Claim 23] The manufacture approach of an information record medium 
according to claim 18 to 22 that the process of the above (c) includes the 
process which forms said 1st reflecting layer so that it may become within the 
limits of 5nm - 15nm, including further the 1st reflecting layer by which said 1st 
information layer has been arranged rather than said 1st recording layer at said 
interlayer side. 

[Claim 24] It is the record playback approach of performing record and playback 
of an information signal by irradiating a laser beam at an information record 
medium. Said information record medium is an information record medium 
according to claim 1, and incidence of said laser beam is carried out from a 1st 
[ of said information record medium / said ] information layer side. In said 2nd 
information layer of said information record medium The record playback 
approach of the information record medium which record playback of the 
information is carried out by said laser beam which has penetrated said 1st 
information layer, and is characterized by being within the limits whose 
wavelength of said laser beam is 390nm - 430nm. 

[Claim 25] The record playback approach of an information record medium 
according to claim 24 that the linear velocity of said information record medium 
at the time of carrying out record playback of the information is within the limits of 
1m/second - 50m/second. 



[Claim 26] Said laser beam is the record playback approach of an information 
record medium according to claim 24 that a numerical aperture NA is the laser 
beam condensed with the objective lens of 0.4-1.1 within the limits. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the information record medium 
rewritten [ records information, eliminates and ] and reproduced optically, its 
manufacture approach, and its record playback approach. 
[0002] 

[Description of the Prior Art] The information record medium of a phase change 
mold performs informational record, elimination, and rewriting between a crystal 
phase and an amorphous phase using the recording layer which causes a phase 
transformation reversibly. If it quenches after irradiating a high-power laser beam 
at this recording layer, the irradiated part will serve as an amorphous phase. 
Moreover, if it cools slowly after irradiating the laser beam of low power at the 
amorphous part of a recording layer, the irradiated part will serve as a crystal 



phase. Therefore, in the information record medium of a phase change mold, a 
recording layer can be freely changed to an amorphous phase or a crystal phase 
by irradiating the laser beam which modulated power between high power level 
and low power level at a recording layer. In this information record medium, 
information is recorded using the difference of the reflection factor in an 
amorphous phase, and the reflection factor in a crystal phase. 
[0003] Various techniques are studied in order to raise the recording density of 
an information record medium in recent years. For example, the technique which 
records a smaller record mark using a purple-blue color laser beam, and the 
technique in which numerical aperture records a smaller record mark using a 
large lens while making thin the substrate by the side of optical incidence are 
studied. Moreover, the technique of performing record and playback of two 
recording layers using the laser beam which carried out incidence from one side 
is also studied (refer to JP,12-36130,A). 

[0004] In order to make a record mark small, it is necessary to shorten irradiation 
time of the laser beam which the phase change of a recording layer takes. 
Therefore, it is needed that the crystallization rate of a recording layer is quick. 
Moreover, in order to perform record and playback using two recording layers, 
the recording layer by the side of optical incidence is made thin, and it is 
necessary to make it sufficient light for a back recording layer reach. However, if 



a recording layer is made thin, since the number of the atoms contained in a 
recording layer will become fewer and migration of the atom accompanying a 
phase change will be controlled, there is a problem that a crystallization rate falls. 
Therefore, even if thin, the ingredient which can form the recording layer which 
dependability can be good and can be recorded was called for. 
[0005] From the former, the germanium-Sb-Te system ingredient has been used 
as an ingredient of a recording layer, the inside of it - GeTe-Sb2Te3 - pseudo- 
duality - a system presentation has the quickest crystallization rate and it turns 
out in the experiment of artificers that germanium2Sb2Te5 which is 
(GeTe):(Sb2Te3) =2:1 has the property which was very excellent. Moreover, 
Uno and others has reported the record playback experiment which used the 
germanium-Sb-Te recording layer with a thickness of 6nm (M. Uno, KNagata 
and N.Yamada, "Thinninglimitation of germanium-Sb-Te recording filmfor high 
transmittance media" Proc.of PCOS'99, 83-88). In this experiment, record was 
eliminated with the linear velocity of 9 m/s using the laser whose wavelength is 
660nm, and the good rate of elimination of 30dB was obtained. 
[0006] 

[Problem(s) to be Solved by the Invention] However, when artificers 
experimented using purple-blue color laser with a wavelength of 405nm about 
the germanium-Sb-Te system ingredient, it turned out that this ingredient is 



insufficient as an ingredient by the side of optical incidence. Therefore, it was 
difficult to realize the information record medium of the two-layer structure of 
performing record and playback using purple-blue color laser, in the 
conventional recording layer. 

[0007] By JP,2-147289,A, by adding Sb to Te-germanium-Sn and limiting the 
content of each element to it as a recording layer, the repeat property of record 
elimination is excellent and it is reported that an information record medium also 
with little fluctuation of the rate of elimination with the passage of time is obtained. 
However, the number of the recording layers contained in this information record 
medium is one, and record layer thickness is an experimental result in 30nm - 
100nm and the case of being thick. The addition effectiveness of Sn at the time 
of making a recording layer thin is not shown in this official report. 
[0008] This invention aims at having two recording layers and offering the 
information record medium in which high density record is possible, its 
manufacture approach, and its record playback approach in view of the 
above-mentioned fact. 
[0009] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, 
the information record medium of this invention The 1st substrate and the 2nd 
substrate arranged so that said 1st substrate may be countered, The 1st 



information layer arranged between said 1st substrate and said 2nd substrate, 
The 2nd information layer arranged between said 1st information layer and said 
2nd substrate, It has the interlayer stationed between said 1st information layer 
and said 2nd information layer. Said 1st information layer contains the 1st 
recording layer which causes a phase transformation reversibly between a 
crystal phase and an amorphous phase by the laser beam irradiated from said 
1st substrate side. Said 1st recording layer is characterized by thickness being 
9nm or less including the 2nd recording layer from which said 2nd information 
layer starts a phase transformation reversibly between a crystal phase and an 
amorphous phase by said laser beam, including germanium, Sn, and Sb and Te. 
This information record medium is equipped with two recording layers, and high 
density record is possible for it. 

[0010] Said 1st recording layer may consist of an ingredient expressed with 
empirical formula (germanium-Sn) ASbBTe3+A (however, 2<=A<=22, 2<=B<=4) 
in the above-mentioned information record medium. This empirical formula 
shows % [ 100*A / (2 A+B +3) / atomic ] That germanium and Sn are contained 
in total. According to this configuration, even if it makes the 1st recording layer 
thin, good record / elimination property is acquired using purple-blue color laser. 
The amplitude of a signal can be enlarged by being referred to as 2<=A. 
Moreover, the fall of a crystallization rate can be prevented by being referred to 



as A<=22. By being referred to as 2<=B, it can prevent that Te with the low 
melting point deposits in the case of the phase transformation between a crystal 
phase and an amorphous phase. Moreover, in 2<B, superfluous Sb is added by 
the ingredient expressed with ASb(germanium-Sn)2Te3+A. This superfluous Sb 
has the operation which raises crystallization temperature and raises the thermal 
stability of a record mark, and the operation which controls migration of the 
matter at the time of repeat record. 

[0011] In the above-mentioned information record medium, the content of Sn in 
said 1st recording layer may be below 25 atom %. According to this 
configuration, even if it makes the 1st recording layer thin, the good rate of 
elimination is obtained using purple-blue color laser. Moreover, the 1st 
crystallization rate and crystallization temperature of a recording layer are 
controllable by adjusting the content of Sn in the 1st recording layer, and B. In 
addition, as for the content of Sn, it is desirable that it is more than 0.1 atom %. 
[0012] The permeability Ta (%) of said 1st information layer in case said the 1st 
permeability Tc (%) and said 1st recording layer of an information layer in case 
said 1st recording layer is a crystal phase are an amorphous phase may fill 40 
<= (Tc+Ta) / 2 with the above-mentioned information record medium to the laser 
beam of within the limits with a wavelength of 390nm - 430nm. According to this 
configuration, record / elimination property good also about the 2nd information 



layer is acquired. 

[0013] Said permeability Tc (%) and said permeability Ta (%) may fill 0 
<=|Tc-Ta|/Tc<=0.15 (preferably 0<=|Tc-Ta|n"c<= 0.05) with the 
above-mentioned information record medium to the laser beam of within the 
limits with a wavelength of 390nm - 430nm. According to this configuration, 
change of the record sensibility of the 2nd information layer can be made small 
irrespective of the record condition of the 1st information layer. In the 
above-mentioned information record medium, said 1st reflecting layer, said 2nd 
dielectric layer, said 1st recording layer, and said 1st dielectric layer may be 
arranged for said 1st information layer in this sequence toward said 1st substrate 
side from said interlayer side, including further the 1st and 2nd dielectric layers 
and 1st reflecting layers. According to this configuration, the rate of light 
absorption of the 1st recording layer, and the 1st permeability and reflection 
factor of an information layer are controllable by changing the ingredient and 
thickness of a dielectric layer and a reflecting layer. 

[0014] In the above-mentioned information record medium, said 1st information 
layer may be further equipped with the 3rd dielectric layer arranged among said 
1st reflecting layer and said interlayers. According to this configuration, the 
permeability of the 1st information layer can be made high by changing the 3rd 
ingredient and thickness of a dielectric layer. 



[0015] In the above-mentioned information record medium, the refractive index 
of said 3rd dielectric layer may be 2.3 or more to light with a wavelength of 
390nm - 430nm. 

[0016] The groove for tracking control may be formed in said middle class in the 
above-mentioned information record medium. 

[0017] Said 1st information layer in the above-mentioned information record 
medium The interface between said 1st dielectric layer and said 1st recording 
layer, You may have further the volume phase arranged at at least one interface 
chosen from the interface between said 1st recording layer and said 2nd 
dielectric layer, the interface between said 2nd dielectric layer and said 1st 
reflecting layer, and the interface between said 1st reflecting layer and said 3rd 
dielectric layer. According to this configuration, since the mass transfer between 
layers is controlled, a reliable information record medium is obtained. 
[0018] In the above-mentioned information record medium, the thickness of said 
1st reflecting layer may be within the limits of 5nm - 15nm. It can be made easy 
according to this configuration, to diffuse promptly the heat which could raise the 
permeability Tc (%) and Ta of the 1st information layer (%), and was produced in 
the 1st recording layer, and to make it amorphous. Since the permeability of the 
1st information layer will become inadequate if thick [ if thin, a thermal diffusion 
function is inadequate, and ] in forming the 1st reflecting layer, as for the 



thickness, it is desirable to consider as within the limits of 5nm - 1 5nm. 
[0019] In the above-mentioned information record medium, the thickness of said 
1st substrate may be within the limits which is 10 micrometers - 700 micrometers. 
According to this configuration, according to the configuration of the groove of 
the 1st substrate, or record elimination playback conditions, the die length of a 
record mark and spacing during a record mark can be optimized by changing the 
numerical aperture NA of an objective lens. 

[0020] The groove for tracking control may be formed in said 1st substrate in the 
above-mentioned information record medium. 

[0021] In the above-mentioned information record medium, the thickness of said 
2nd substrate may be within the limits which is 500 micrometers - 1300 
micrometers. According to this configuration, according to the configuration of 
the groove of the 2nd substrate, or record elimination playback conditions, the 
die length of a record mark and spacing during a record mark can be optimized 
by changing the numerical aperture NA of an objective lens. The thickness of the 
2nd substrate is chosen so that the thickness of an information record medium 
may be set to about 1200 micrometers. When the thickness of the 1st substrate 
is about 100 micrometers, thickness of the 2nd substrate is set to about 1100 
micrometers. Moreover, when the thickness of the 1st substrate is about 600 
micrometers, thickness of the 2nd substrate is set to about 600 micrometers. 



[0022] The groove for tracking control may be formed in said 2nd substrate in the 
above-mentioned information record medium. 

[0023] In the above-mentioned information record medium, said 2nd reflecting 
layer, said 5th dielectric layer, said 2nd recording layer, and said 4th dielectric 
layer may be arranged for said 2nd information layer in this sequence toward 
said interlayer side from said 2nd substrate side, including further the 4th and 
5th dielectric layers and 2nd reflecting layers. According to this configuration, the 
rate of light absorption of the 2nd recording layer and the reflection factor of the 
2nd information layer are controllable by changing the ingredient and thickness 
of a dielectric layer or a reflecting layer. 

[0024] In the above-mentioned information record medium, said 2nd information 
layer may be further equipped with the volume phase arranged at at least one 
interface chosen from the interface between said 4th dielectric layer and said 
2nd recording layer, the interface between said 2nd recording layer and said 5th 
dielectric layer, and the interface between said 5th dielectric layer and said 2nd 
reflecting layer. 

[0025] Moreover, the manufacture approach of this invention for manufacturing 
an information record medium The process which is the manufacture approach 
of an information record medium equipped with the 1st and 2nd substrates, the 
1st and 2nd information layers, and an interlayer, and forms said 2nd information 



layer on the substrate of the (a) above 2nd, (b) The process which forms said 
interlayer on said 2nd information layer, and the process which forms said 1st 
information layer on the (c) aforementioned interlayer, (d) The process which 
carries out the glue line of said 1st substrate on said 1st information layer is 
included. Said 1st information layer contains the 1st recording layer which 
causes a phase transformation reversibly between a crystal phase and an 
amorphous phase by the laser beam irradiated from said 1st substrate side. Said 
2nd information layer contains the 2nd recording layer which causes a phase 
transformation reversibly between a crystal phase and an amorphous phase by 
said laser beam. The process of the above (c) It is characterized by including the 
process which forms said 1st recording layer so that thickness may be set to 
9nm or less using the base material containing germanium, Sn, and Sb and Te. 
According to this manufacture approach, the information record medium of this 
invention can be manufactured easily. Moreover, by this manufacture approach, 
since the laminating of the 1st substrate is carried out after forming the 2nd 
information layer and the 1st information layer, an information record medium 
equipped with the 1st thin substrate can be manufactured easily. 
[0026] By the above-mentioned manufacture approach, said 1st recording layer 
may be formed in the process of the above (c) by the sputtering method using 
the sputtering gas containing argon gas or krypton gas. According to this 



configuration, the information record medium excellent in the repeat recording 
characteristic can be formed easily. 

[0027] By the above-mentioned manufacture approach, said sputtering gas may 
also contain further at least one gas chosen from oxygen and nitrogen. 
[0028] By the above-mentioned manufacture approach, said 1st recording layer 
may be formed at the membrane formation rate within the limits of 0.1 nm/second 
- 10nm/second. According to this configuration, thickness dispersion of the 1st 
recording layer can be lessened, and the 1st recording layer can be 
manufactured with sufficient productivity in a short time. 
[0029] By the above-mentioned manufacture approach, the process of the above 
(b) may also include the process which forms the groove for tracking control in 
said middle class's front face. 

[0030] Moreover, by the above-mentioned manufacture approach, the process 
of the above (c) may also include the process which forms said 1st reflecting 
layer so that it may become within the limits of 5nm - 15nm, including further the 
1st reflecting layer by which said 1st information layer has been arranged rather 
than said 1st recording layer at said interlayer side. 

[0031] Moreover, the record playback approach of this invention is the record 
playback approach of performing record and playback of an information signal 
by irradiating a laser beam at an information record medium. Said information 



record medium is an information record medium of above-mentioned this 
invention, and incidence of said laser beam is carried out from a 1st [ of said 
information record medium / said ] information layer side. In said 2nd information 
layer of said information record medium Record playback of the information is 
carried out by said laser beam which has penetrated said 1st information layer, 
and it is characterized by being within the limits whose wavelength of said laser 
beam is 390nm - 430nm. According to this record playback approach, high 
density record is possible with sufficient dependability. 

[0032] By the above-mentioned record playback approach, the linear velocity of 
said information record medium at the time of carrying out record playback of the 
information may be within the limits of 1m/second - 50m/second. According to 
this configuration, according to the configuration of an information record 
medium, and the conditions of record and playback, the die length of a record 
mark and spacing of a record mark can be optimized, and a high transfer rate 
can be realized. 

[0033] By the above-mentioned record playback approach, said laser beam may 
be a laser beam by which the numerical aperture NA was condensed with the 
objective lens of 0.4-1.1 within the limits. According to this configuration, in 
accordance with the thickness of the 1st substrate or the 2nd substrate, the 
configuration of a groove, and record elimination playback conditions, the die 



length of a record mark and spacing during a record mark can be optimized, and 

a high transfer rate is obtained. 

[0034] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention 
is explained, referring to a drawing. In addition, the following operation gestalten 
are examples and this invention is not limited to the following operation gestalten. 
[0035] (Operation gestalt 1) The operation gestalt 1 explains an example about 
the information record medium of this invention. About the information record 
medium 10 of the operation gestalt 1, a sectional view is shown in drawing 1 in 
part. 

[0036] The 2nd substrate 12 arranged with reference to drawing 1 so that the 
information record medium 10 may counter the 1st substrate 11 (hatching is 
omitted) and 1st substrate 11, It has the interlayer 15 stationed between the 1st 
information layer 13 arranged between the 1st substrate 11 and the 2nd 
substrate 12, the 2nd information layer 14 arranged between the 1st information 
layer 13 and the 2nd substrate 12, and the 1st information layer 13 and the 2nd 
information layer 14. The information record medium 10 performs informational 
record and playback by the laser beam 35 which carries out incidence from the 
1st substrate 11 side. 

[0037] The 1st substrate 11 and 2nd substrate 12 are a disc-like transparent 



substrate, respectively. As shown in drawing 1 , the groove for tracking control 
(slot) may be formed in the front face inside the 1st substrate 11 and the 2nd 
substrate 12 (middle class 15 side) if needed. Generally the front face of the 
outside of the 1st substrate 11 and the 2nd substrate 12 is smooth. When the 
groove is formed in the substrate, information may be recorded on groove 11a 
(groove surface of the direction near the incidence side of a laser beam 35), and 
may be recorded on the part between groove 11a (henceforth [ it is the groove 
surface of the one distant from the incidence side of a laser beam 35, and ] land 
11b). Moreover, you may record on both groove 11a and land 11b. 
[0038] The 1st substrate 11 and 2nd substrate 12 can be formed using resin, 
such as glass, a polycarbonate and amorphous polyolefine, or 
polymethylmethacrylate (PMMA). Also in this, formation of a groove is easy, and 
since productivity is good, polycarbonate resin is desirable. As for the 1st 
substrate 11, it is desirable that the birefringence in the light of within the limits 
with a wavelength of 390nm - 430nm is small. As for the thickness of the 1st 
substrate 11, it is desirable that it is within the limits of 10 micrometers - 700 
micrometers (preferably 50 micrometers - 150 micrometers). The numerical 
aperture of an objective lens can be enlarged and a laser beam 35 can be 
narrowed down, so that the 1st substrate 11 is thin. For example, when the 
thickness of the 1st substrate 11 is 100 micrometers, numerical aperture can 



perform record and elimination good using the objective lens of 0.85. Moreover, 
when the thickness of the 1st substrate 11 is 600 micrometers, numerical 
aperture can perform record and elimination good using the objective lens of 0.6. 
As for the thickness of the 2nd substrate 12, it is desirable that it is within the 
limits of 500 micrometers - 1300 micrometers (preferably 900 micrometers - 
1300 micrometers). 

[0039] The 1st information layer 13 is equipped with the 3rd dielectric layer 24 
and the 4th volume phase 23 which have been arranged in order from the 
interlayer 15 side at the 1st substrate 11 side, the 1st reflecting layer 22, the 3rd 
volume phase 21, the 2nd dielectric layer 20, the 2nd volume phase 19, the 1st 
recording layer 18, the 1st volume phase 17, and the 1st dielectric layer 16. 
Moreover, the 2nd information layer 14 is equipped with the 2nd reflecting layer 
31 and the 7th volume phase 30 which have been arranged in order from the 
2nd substrate 12 side at the interlayer 15 side, the 5th dielectric layer 29, the 6th 
volume phase 28, the 2nd recording layer 27, the 5th volume phase 26, and the 
4th dielectric layer 25. 

[0040] As for the permeability Ta (%) of the 1st information layer 13 in case the 
1st permeability Tc (%) and 1st recording layer 18 of the information layer 13 in 
case the 1st recording layer 18 is a crystal phase are an amorphous phase, it is 
desirable to fill 40 <= (Tc+Ta) / 2 to the laser beam of within the limits with a 



wavelength of 390nm - 430nm. Moreover, as for Tc and Ta, it is desirable to fill 0 
<=|Tc-Ta|/Tc<=0.15 (preferably 0<=|Tc-Ta|/Tc<= 0.05). 
[0041] The 1st, 2nd, and 3rd dielectric layers 16, 20, and 24 have the function to 
protect the 1st recording layer 18 from an environment. Moreover, the rate of 
light absorption of the 1st recording layer 18 (%), the rate of a light reflex of the 
1st information layer 13, and light transmittance are controllable by choosing the 
thickness and the ingredient of each class using interference of light. 
[0042] Such dielectric layer thickness can be determined using the count based 
on a matrix method (see Chapter 3 in for example, Kubota extensive work "wave 
optics" Iwanami Shoten and 1971). Specifically, |Rc-Ra| or Rc/Ra can determine 
strictly more greatly that it will satisfy the conditions to which Tc and Ta become 
larger. Here, Rc and Tc are the 1st reflection factor (%) and permeability (%) of 
the information layer 13 in case the 1st recording layer 18 is a crystal phase, 
respectively. Moreover, Ra and Ta are the 1st reflection factor (%) and 
permeability (%) of the information layer 13 in case the 1st recording layer 18 is 
an amorphous phase, respectively. 

[0043] Moreover, the complex index of refraction in the wavelength of about 
400nm of these dielectric layers is an important element which determines the 
rate of light absorption of the 1st recording layer 18, and the 1st reflection factor 
and permeability of the information layer 13. Complex index of refraction is 



expressed with (n-k-i) using a refractive index n and an extinction coefficient k. In 
order to secure big Tc and Ta, it is desirable for the transparency of a dielectric 
layer to be high, and it is desirable for an extinction coefficient k to be specifically 
0.1 or less. 

[0044] The refractive index n1 of the 1st dielectric layer 16, the refractive index 
n2 of the 2nd dielectric layer 20, and the refractive index n3 of the 3rd dielectric 
layer 24 investigated about the effect which it has on the 1st reflection factor and 
permeability of the information layer 13 by performing simulation for which 
artificers used the matrix method about the refractive index of a dielectric layer. 
This simulation assumed the thickness of the 1st recording layer 18 to be 6nm, 
and it performed it, having assumed the thickness of the 1st reflecting layer 22 to 
be 10nm. Consequently, when refractive indexes n1, n2, and n3 satisfied the 
relation of 1.7 <=n1 <=2.5, 1.7 <=n2 <=2.8, and 2.0 <=n3, respectively, |Rc-Ra| 
or Rc/Ra was large and the result that the dielectric layer thickness which fills 40 
<= (Tc+Ta) / 2 could be determined was obtained. Furthermore, since it made 
Ra smaller in satisfying 2.1 <=n1 <=2.4, 2.0 <=n2 <=2.8, and 2.2 <=n3, Rc/Ra 
was more large and the result that the dielectric layer thickness which fills 50 <= 
(Tc+Ta) / 2 could be determined was obtained. 

[0045] Thus, the 1st, 2nd, and 3rd dielectric layers 16, 20, and 24 have the 
function to enlarge the permeability (Tc and Ta) of the 1st information layer 13. 



Also in this, especially the 3rd dielectric layer 24 is important, and it is desirable 
that an ingredient with a large refractive index, for example, a refractive index, 
forms the 3rd dielectric layer 24 with 2.3 or more ingredients. When there was 
the 3rd dielectric layer 24, as compared with the case where there is no it, it was 
also confirmed by count that permeability rises 5% to 10% in an absolute value. 
[0046] Next, the thermal property that a dielectric layer is desirable is explained. 
In order to form a good record mark in the 1st recording layer 18, it is important 
to miss promptly the heat generated in the 1st recording layer 18 in the direction 
of thickness, and to quench the 1st recording layer 18 by light absorption. 
Therefore, it is desirable to use an ingredient with small thermal conductivity for 
the 1st dielectric layer 16 and 2nd dielectric layer 20 relatively. If an ingredient 
with large thermal conductivity is used, heat will become easy to escape to field 
inboard, and a quenching rate will fall relatively. It is desirable to, use an 
ingredient with large thermal conductivity for the 3rd dielectric layer 24 formed on 
the 1st reflecting layer 22 relatively on the other hand, in order to enlarge a 
quenching rate. The 1st, 2nd, and 3rd dielectric layers 16, 20, and 24 are formed 
using an ingredient with which are satisfied of the above-mentioned optical and 
thermal conditions. These dielectric layers can be formed with an oxide, a nitride, 
an oxidation nitride, a sulfide, carbide, and the mixture that combined these. As 
an oxide, In 203, Nb205, SnO, Ti02, MgO, ZnO, Zr02, Te02 and aluminum 



203, and Si02 or Ta 205 can be used, for example. As a nitride, Si-N, 
aluminum-N, Ti-N, Ta-N, Zr-N, or germanium-N can be used, for example. As an 
oxidation nitride, aluminum-O-N or Si-O-N can be used, for example. As a 
sulfide, ZnS can be used, for example. As carbide, SiC can be used, for example. 
As mixture, ZnS-Si02 can be used, for example. 

[0047] Also in these, ZnS-Si02 is suitable for the 1st dielectric layer 16 and 2nd 
dielectric layer 20. A refractive index is the transparent amorphous ingredient of 
about 2.3, the membrane formation rate of ZnS-Si02 is also quick, and it is 
excellent in a mechanical property and moisture resistance. Moreover, Te02, 
ZnO, Ta 205, and an ingredient with larger refractive indexes, such as Zr02 or 
Ti02, than 2.3 fit the 3rd dielectric layer 24. 

[0048] The 1st volume phase 17 and 2nd volume phase 19 have the function to 
prevent that the matter moves between the 1st dielectric layer 16 and the 1st 
recording layer 18 and between the 1st recording layer 18 and the 2nd dielectric 
layer 20. Moreover, the 3rd volume phase 21 and 4th volume phase 23 prevent 
that the matter moves between the 2nd dielectric layer 20 and the 1st reflecting 
layer 22 and between the 1st reflecting layer 22 and the 3rd dielectric layer 24. 
For example, when the dielectric layer which consists of ZnS-Si02 is used, the 
sulfur in a dielectric layer prevents being spread in the 1st recording layer 18 and 
1st reflecting layer 22. Although these volume phases can be omitted, when 



using the dielectric layer which consists of a sulfide, it is desirable to form a 
volume phase. In order to enlarge the permeability of the 1st information layer 13, 
the direction with possible few volume phases is desirable. 
[0049] Nitrides, such as Si-N, aluminum-N, Zr-N, Ti-N, germanium-N, and Ta-N, 
or the nitriding oxide containing these can be used for the ingredient of these 
volume phases. Moreover, carbide, such as C or SiC, can also be used. Also in 
these, the ingredient containing germanium-N can be easily formed by reactive 
sputtering, and is excellent also in a mechanical property and moisture 
resistance. If the thickness of these volume phases is thick, since the 1st 
reflection factor and absorption coefficient of the information layer 13 will change 
a lot, the thickness of these volume phases has desirable within the limits of 1 nm 
- 10nm (preferably 3nm - 7nm). 

[0050] The 1st recording layer 18 consists of a phase change ingredient which 
produces a phase transformation reversibly between a crystal phase and an 
amorphous phase by the exposure of a laser beam. Specifically, the 1st 
recording layer 18 contains germanium, Sn, and Sb and Te. The ingredient 
which more specifically permuted some germanium of the ingredient expressed 
with GeASbBTe3+A by Sn, i.e., the ingredient by which an empirical formula is 
expressed with ASbBTe(germanium-Sn)3+A (however, 2<=A<=22, 2<=B<=4), 
can be used. This empirical formula shows % [ 100*A/ (2 A+B +3) / atomic ] That 



germanium and Sn are contained in total in the 1st recording layer 18. In order to 
obtain the information record medium excellent in the repeat record engine 
performance, as for A, it is more desirable to fill 2<=A<=10. The thickness of the 
1st recording layer 18 is 9nm or less, and is within the limits of 3nm - 9nm 
preferably. 

[0051] GeTe-Sb2Te3 - pseudo— duality - although the system presentation is 
used from the former as an ingredient with a quick crystallization rate, it can 
make a crystallization rate still quicker further by making SnTe or PbTe dissolve 
to this. SnTe and PbTe - GeTe-Sb2Te3 -- pseudo— duality - the crystal 
structure is a rock salt mold like a system. Moreover, SnTe and PbTe have a 
quick crystallization rate, and tend to dissolve with germanium-Sb-Te. this 
invention persons -- SnTe - GeTe-Sb2Te3 - pseudo — duality - it found out that 
it was desirable as an ingredient which makes a system presentation dissolve. 
By using this ingredient, a smaller record mark is recordable on a recording layer 
at a small laser beam spot with shorter spacing. In addition, it is also useful to 
add PbTe instead of SnTe. In this case, the desirable amount of Pb is the same 
as the amount of desirable Sn. 

[0052] it explained above - as - GeTe-Sb2Te3 - pseudo — duality - 
GeTe-SnTe-Sb2Te3 which mixed SnTe can be used for a system presentation 
as an ingredient of the 1st recording layer 18. In this case, some germanium is 



permuted by Sn (germanium-Sn), it serves as Te-Sb2Te3, and a crystallization 
rate becomes large. Furthermore, by adding superfluous Sb to 
Te-Sb(germanium-Sn) 2Te3, and being referred to as Te-Sb(germanium-Sn) 
2Te3-Sb, while enlarging a crystallization rate, crystallization temperature can 
be raised, consequently the thermal stability of a record mark can be raised, 
furthermore, superfluous Sb is amorphous, without going into a crystal lattice ~ 
since it is set to Sb, it also has the function which controls migration of the matter 
at the time of repeat record. 

[0053] When an empirical formula uses the ingredient expressed with 
ASbBTe(germanium-Sn)3+A, signal amplitude sufficient in the wavelength 
region of a purple-blue color is obtained by being referred to as 2<=A. Moreover, 
the rise of the melting point and the fall of a crystallization rate can be prevented 
by being referred to as A<=22. Moreover, the information record medium 
excellent in the repeat recording characteristic is obtained by being referred to 
as 2<=A<=10. 

[0054] Next, when an empirical formula uses the ingredient expressed with 
ASbBTe(germanium-Sn)3+A, the content of Sn contained in an ingredient is 
explained. As for the content Y of Sn contained in the 1st recording layer 18 
(atomic %), in the case of A=B=2, it is desirable to fill 0< Y<=1 1 . Moreover, in the 
case of B= 4, it is desirable that it is 0< Y<=15 at A= 2. Moreover, in the case of 



B= 2, it is desirable that it is 0< Y<=22 at A= 22. Moreover, in the case of B= 4, it 
is desirable that it is 0< Y<=25 at A= 22. Therefore, as for the content of Sn in 
the above-mentioned ingredient, it is desirable that it is below 25 atom %. If there 
is too much Sn concentration, the refractive-index change between the crystal 
phase of the 1st recording layer 18 and an amorphous phase may become small, 
and a recording characteristic may fall. 

[0055] The desirable presentation range of the 1st recording layer 18 is 
explained referring to drawing 2 . Drawing 2 consists of a coordinate of the 
concentration (atomic %) of (germanium-Sn), the concentration (atomic %) of Sb, 
and the concentration (atomic %) of Te. Point a is [(germanium-Sn) Sb, Te] (it 
displays in this order hereafter) = (50, 0, 50), and shows Te (germanium-Sn). 
Coordinates are (0, 40, 60) and Point b shows Sb2Te3. Therefore, line a-b 
shows the presentation of ASb(germanium-Sn)2Te3+A. Points c are (0, 57.1, 
and 42.9), and show Sb4Te3. Therefore, line a-c shows the presentation of 
ASb(germanium-Sn)4Te3+A. Point d - a coordinate - (- it is 44.9, 4.1, and 
51.0), and A= 22 shows the presentation of B= 2. Coordinates are (40, 8, 52) 
and Point e shows the presentation of B= 2 by A= 10. Point f - a coordinate - (-- 
it is 22.2, 22.2, and 55.6), and A= 2 shows the presentation of B= 2. Point g - a 
coordinate - (-- it is 1 8.2, 36.4, and 45.4), and A= 2 shows the presentation of 
B= 4. Coordinates are (37, 14.8, and 48.2), and Point h shows the presentation 



of B= 4 by A= 10. Point j - a coordinate - (- it is 43.1 , 7.8, and 49.1), and A= 22 
shows the presentation of B= 4. Therefore, the range surrounded by d-f-g-j 
shows the presentation of 2<=B<=4 by 2<=A<=22. The range surrounded by 
e-f-g-h shows the presentation of 2<=B<=4 by 2<=A<=10. Line d-f shows the 
presentation of B= 2 by 2<=A<=22. Line e-f shows the presentation of B= 2 by 
2<=A<=10. 

[0056] Even when the 1st recording layer 18 whose thickness is 6nm was 
formed using the ingredient expressed with empirical formula (germanium-Sn) 
ASbBTe3+A and the laser beam of the short wavelength of 390nm - 430nm was 
used by choosing the concentration of A, B, and Sn, the good record elimination 
engine performance was obtained. 

[0057] In addition, the ingredient which added other elements to 
ASbBTe(germanium-Sn)3+A as an ingredient of the 1st recording layer 18 may 
be used. Such an ingredient is expressed with [(germanium-Sn) 
ASbBTe3+empirical formula A] 100-CMC (however, 0< C<=20). Nitrogen and at 
least one element chosen from the group which consists of Ag, aluminum, Cr, 
Mn, Ti, V, Zr, Nb, Mo, Pd, Cu, Au, nickel, Pt, Zn, In, Ga, aluminum, Si, Se, Bi, W, 
Ta, Hf, La, Ce, Nd, Sm, Gd, Tb, and Dy can be used for Element M. Also in this 
case, a crystallization rate can be optimized by changing Sn concentration. 
[0058] Optically, the 1st reflecting layer 22 has the work which increases the 



quantity of light absorbed by the 1st recording layer 18, diffuses promptly 
thermally the heat generated in the 1st recording layer 18, and has the work of 
making the 1st recording layer 18 easy to make it amorphous. Moreover, the 1st 
reflecting layer 22 also has the work which protects multilayers from an 
operating environment. As an ingredient of the 1st reflecting layer 22, a simple 
substance metal with high thermal conductivity, such as aluminum, Au, Ag, or 
Cu, can be used, for example. Moreover, these metals can be used as a 
principal component and the alloy ingredient which added other one or more 
elements for damp-proof improvement or adjustment of thermal conductivity can 
also be used. Specifically, alloys, such as aluminum-Cr, aluminum-Ti, Au-Pd, 
Au-Cr, Ag-Pd, Ag-Pd-Cu, Ag-Pd-Ti, or Cu-Si, can also be used. Each of these 
alloys is ingredients with high corrosion resistance and thermal conductivity. 
Especially, Ag alloy has high thermal conductivity. Moreover, since the optical 
design which makes the rate of light absorption of itself small tends to carry out 
Ag alloy, it tends to distribute light to the transmitted light rather than the case 
where the ingredient of Au system or the ingredient of aluminum system is used. 
When the balance of the rate of light absorption of the 1st recording layer 18 and 
the transmission of the 1st information layer 13 is taken into consideration, the 
thickness of the 1st reflecting layer 22 has 5nm - desirable 15nm (preferably 
8nm - 12nm). Sufficient heat dissipation function is obtained by setting thickness 



to 5nm or more. Moreover, it can prevent that the permeability of the 1st 
information layer 13 becomes low too much by setting thickness to 15nm or less. 
[0059] Next, the 2nd information layer 14 is explained. The 4th and 5th dielectric 
layers 25 and 29 have the function to protect the 2nd recording layer 27 from an 
environment. Moreover, by choosing these dielectric layer thickness and 
refractive indexes, the light absorption effectiveness of the 2nd recording layer 
27 can be raised, and change of the amount of reflected lights before and behind 
record can be enlarged, and signal amplitude can be enlarged. These dielectric 
layers can be formed with the ingredient explaining the 1st, 2nd, and 3rd 
dielectric layers 16, 20, and 24. These dielectric layers may be formed with a 
different ingredient, and may be formed with the same ingredient. 
[0060] The 5th volume phase 26 and 6th volume phase 28 prevent that the 
matter moves between the 4th dielectric layer 25 and the 2nd recording layer 27 
and between the 2nd recording layer 27 and the 5th dielectric layer 29. The 7th 
volume phase 30 prevents that the matter moves between the 5th dielectric layer 
29 and the 2nd reflecting layer 31. These volume phases can be formed with the 
same ingredient as the 1st and 2nd volume phases 17 and 19, and its same is 
said of desirable thickness. 

[0061] Informational record, elimination, and playback are performed in the 2nd 
recording layer 27 by the laser beam 35 which penetrated the 1st information 



layer 13. In order to perform playback of the information recorded on the 2nd 
recording layer 27 using the laser beam reflected by the 2nd information layer 14, 
it is desirable that the reflection factor of the 2nd information layer 14 is high. 
[0062] The 2nd recording layer 27 consists of a phase change ingredient which 
produces a phase transformation reversibly between a crystal phase and an 
amorphous phase by the exposure of a laser beam. Specifically, ingredients, 
such as germanium-Sb-Te, germanium-Bi-Te, germanium-Sn-Te, In-Sb-Te, 
Sb-Te, germanium-Te, or Ag-ln-Sb-Te, can be used. Or the ingredient which 
added at least one element chosen from the group which becomes these 
ingredients from Au, Ag, Cu, aluminum, Ga, Pd, Pt, nickel, Ce, Cr, Bi, Sn, Se, In, 
La, C, Si, Ti, Mo, W, Ta, Hf, Zr, Nb, and V can also be used. Or the ingredient 
which added nitrogen or oxygen further can also be used for these ingredients. 
[0063] Moreover, the ingredient of the same germanium-Sn-Sb-Te system as 
the 1st recording layer 18 may be used as an ingredient of the 2nd recording 
layer 27. In this case, since the 2nd recording layer 27 is thicker than the 1st 
recording layer 18, there may be few contents of Sn than the 1st recording layer 
18. When using the ingredient expressed with empirical formula (germanium-Sn) 
ASbBTe3+A, it is desirable that it is 2<=B<=4 in 2<=A<=10. Since the laser 
beam which carries out incidence to the 2nd recording layer 27 is weak, it is [ the 
2nd recording layer 27 ] desirable to be formed with an ingredient with the low 



melting point. In the case of A= 15, the melting point becomes high and record 
sensibility falls. As for the content Y of Sn (atomic %), in the case of A= 2, it is 
desirable that it is 0< Y<=5. Moreover, in the case of A= 10, it is desirable that it 
is 0< Y<=15. 

[0064] If the 2nd recording layer 27 is too thin, the reflection factor of the 2nd 
information layer 14 will fall. Moreover, if the 2nd recording layer 27 is too thick, 
since it becomes easy to diffuse the heat generated in the 2nd recording layer 27 
in the direction of a field, a small record mark will become is hard to be formed. 
Therefore, as for the thickness of the 2nd recording layer 27, it is desirable that it 
is 8nm - 15nm. 

[0065] The 2nd reflecting layer 31 increases ****** absorbed by the 2nd 
recording layer 27. Moreover, the heat generated in the 2nd recording layer 27 is 
diffused promptly, and it has the function to make easy amorphous-ization of the 
2nd recording layer 27. The 2nd reflecting layer 31 can be formed with the 
ingredient explained by the 1st reflecting layer 22. As for the thickness of the 2nd 
reflecting layer 31, it is desirable that it is within the limits of 30nm - 150nm 
(preferably 70nm - 90nm). If the 2nd reflecting layer 31 is thinner than 30nm, a 
thermal diffusion function will become small and it will be [ amorphous ] hard 
coming -izing [ the 2nd recording layer 27 ]. Moreover, if the 2nd reflecting layer 
31 is thicker than 150nm, a thermal diffusion function will become large too 



much, and the record sensibility of the 2nd recording layer 27 will fall. 
[0066] An interlayer 15 is formed in order to distinguish the focal location of the 
1st recording layer 18, and the focal location of the 2nd recording layer 27. The 
groove for tracking control may be formed in the middle class 1 5. An interlayer 
15 can form using a photo-setting resin or delayed effect resin. As for the middle 
class's 15 ingredient, in the wavelength lambda of a laser beam 35, it is 
desirable that there is little light absorption. The middle class's 15 thickness is 
more than depth of focus deltaZ determined by the numerical aperture NA of the 
objective lens which condenses a laser beam 35, and wavelength [ of a laser 
beam 35 ] lambda (nm). When making reinforcement of ****** into 80% in the 
case of non-aberration, depth of focus deltaZ can be approximated by the 
formula of deltaZ=lambda/{2(NA)2}. It is set to deltaZ=0.556micrometer at the 
time of lambda= 400nm and NA=0.6. In this case, since less than **0.6 
micrometers becomes in the depth of focus, an interlayer's 1 5 thickness must be 
1 micrometers or more. As for an interlayer's 15 thickness, it is desirable to be 
referred to as 50 micrometers or less so that both the 1st recording layer 18 and 
the 2nd recording layer 27 can be made to condense a laser beam 35 on the 
other hand. 

[0067] In addition, the information record medium shown in drawing 1 is an 
example. For example, the information record medium of this invention contains 



information record-medium 10a shown in drawing 3 . moreover, in the 
information record medium of this invention, the ingredient of each dielectric 
layer, the ingredient of a field surface layer, and the ingredient of each reflecting 
layer may be the same, or may differ from each other, respectively. 
[0068] (Operation gestalt 2) The operation gestalt 2 explains the manufacture 
approach of this invention for manufacturing an information record medium. In 
addition, the explanation which attaches the same sign and overlaps is omitted 
about the part explained with the operation gestalt 1 , and the same part. 
[0069] About information record-medium 10a manufactured by the manufacture 
approach of the operation gestalt 2, a sectional view is shown in drawing 3 . By 
this manufacture approach, the 2nd information layer 14 is first formed on the 
2nd substrate 12 (process (a)). Below, the formation approach of the 2nd 
information layer 14 is explained. 

[0070] First, the 2nd substrate 12 (1.1mm in for example, thickness) with which 
the groove for tracking control was formed is prepared, and this substrate is 
arranged in membrane formation equipment. And the 2nd reflecting layer 31, the 
7th volume phase 30, the 5th dielectric layer 29, and the 6th volume phase 28 
are formed in the side in which the groove of the 2nd substrate 12 was formed in 
order. The 2nd reflecting layer 31 can be formed by carrying out sputtering of the 
base material which consists of a metal in Ar gas ambient atmosphere. A field 



surface layer and a dielectric layer can be formed by the sputtering method (for 
example, reactive-sputtering method). The mixed gas of Ar gas or Ar gas, and 
reactant gas can be used for sputtering gas. 

[0071] Next, the 2nd recording layer 27 is formed. The 2nd recording layer 27 
can be formed by the sputtering method. The base material (for example, 
germanium-Sb-Te alloy) according to the presentation of the 2nd recording layer 
27 to form is used for a base material. In sputtering gas, they are Ar gas, Kr gas, 
Ar gas, and reactant gas (it is at least one gas chosen from N2 or 02.). Hereafter, 
it is the same. The mixed gas of mixed gas or Kr gas, and reactant gas can be 
used. 

[0072] Next, the 5th volume phase 26 and 4th dielectric layer 25 are formed in 
order. These layers can be formed by the approach mentioned above. The 
initialization process which crystallizes the 2nd recording layer 27 after formation 
of the 4th dielectric layer 25 if needed may be performed. 
[0073] Next, an interlayer 15 is formed on the 2nd information layer 14 (process 
(b)). As shown in drawing 3 , this operation gestalt explains the case where the 
groove for tracking control is formed in the front face by the side of the middle 
class's 15 1st substrate 11. First, the ultraviolet-rays hardenability resin before 
hardening used as an interlayer's 15 ingredient is applied on the 4th dielectric 
layer 25. Ultraviolet-rays hardenability resin can be applied with a spin coat 



method. Next, the transparent substrate (for example, polycarbonate substrate) 
with which the configuration of the groove for tracking control was imprinted is 
prepared. And after sticking the field in which the groove of this substrate was 
formed to resin, ultraviolet rays are irradiated, ultraviolet-rays hardenability resin 
is stiffened, and a groove is imprinted. Then, the interlayer 15 in whom the 
groove for tracking control was formed can be formed by exfoliating a substrate. 
[0074] Next, the 1st information layer 13 is formed on an interlayer 15 (process 
(c)). Below, the formation approach of the 1st information layer 13 is explained. 
[0075] First, the 3rd dielectric layer 24, the 4th volume phase 23, the 1st 
reflecting layer 22, the 3rd volume phase 21, the 2nd dielectric layer 20, and the 
2nd volume phase 19 are formed in order on an interlayer 15. These layers can 
be formed by the approach explained in the 2nd information layer 14. 
[0076] Next, the 1st recording layer 18 is formed on the 2nd volume phase 19. 
The presentation of the 1st recording layer 18 is the same as that of what was 
explained with the operation gestalt 1. The 1st recording layer 18 is formed so 
that thickness may be set to 9nm or less using the base material containing 
germanium, Sn, and Sb and Te. Specifically, it can form by carrying out 
sputtering of the base material of a germanium-Sn-Sb-Te alloy. Moreover, it can 
form also by carrying out sputtering of the four base materials, germanium, Sn, 
Sb, and Te, to coincidence using four power sources. Moreover, the base 



material which consists of a compound which contains plurality among 
germanium, Sn, Sb, and Te may be used. The mixed gas of Ar gas, Kr gas, Ar 
gas, and reactant gas or the mixed gas of Kr gas and reactant gas can be used 
for sputtering gas. As for the 1st recording layer 18, it is desirable to form at the 
membrane formation rate within the limits of 0.1nm/second - 10nm/second. A 
membrane formation rate is controllable by the power impressed to an electrode. 
By carrying out a membrane formation rate in 0.1nm/second or more, it can 
prevent that sputtering gas mixes in a recording layer superfluously. Moreover, 
control of record layer thickness becomes easy by carrying out a membrane 
formation rate in 1 0nm/second or less. 

[0077] If the presentation except reactant gas constituents is 
ASbBTe(germanium-Sn)3+A about the 1st recording layer 18 which according to 
the above-mentioned approach did not depend on a presentation or 
configuration of a base material, but was formed, the especially excellent 
information record medium will be obtained. 

[0078] Next, the 1st volume phase 17 and 1st dielectric layer 16 are formed in 
order on the 1st recording layer 18. These can be formed by the approach 
mentioned above. After forming the 1st dielectric layer 16, a laser beam is 
irradiated at the 1st recording layer 18, and the initialization process which 
crystallizes the 1st whole recording layer 18 may be performed. 



[0079] Then, the 1st substrate 11 is pasted up on the 1st information layer 13 
(process (d)). First, the resin before hardening is applied on the 1st dielectric 
layer 16. Ultraviolet-rays hardenability resin and electron ray hardenability resin 
can be used for resin. Resin can be applied with a spin coat method etc. This 
resin serves as a glue line 36 by hardening. As for the thickness of a glue line 36, 
it is desirable that it is within the limits of 5 micrometers - 40 micrometers. Then, 
the 1st substrate 1 1 is stuck on the resin before hardening, and resin is stiffened 
by irradiating ultraviolet rays and an electron ray. Thus, the 1st dielectric layer 16 
and 1st substrate 1 1 are pasted up by the glue line 36. In addition, delayed effect 
resin may be used as an ingredient of a glue line 36. Moreover, the rebound ace 
court layer for preventing a blemish may be formed on the 1st substrate 11. A 
rebound ace court layer can be formed for example, with ultraviolet-rays 
hardenability resin. 

[0080] Thus, the information record medium explained with the operation gestalt 
1 can be manufactured. In addition, the information record medium explained 
with the operation gestalt 1 can be manufactured by other approaches. For 
example, the 1st information layer 13 may be formed on the 1st substrate 1 1 , the 
2nd information layer 14 may be formed on the 2nd substrate 12, and these may 
be stuck and united through an interlayer 15. About each class, it can form by 
the approach mentioned above. 



[0081] (Operation gestalt 3) The operation gestalt 3 explains the record playback 
approach of the information record medium of this invention. 
[0082] An example is shown in drawing 4 about the record regenerative 
apparatus used for the record playback approach of this invention. The record 
regenerative apparatus 40 is equipped with the spindle motor 41 and the optical 
head 42 which rotate the information record medium 10 with reference to 
drawing 4 . The optical head 42 is equipped with the semiconductor laser 44 
which carries out outgoing radiation of the laser beam 43, the objective lens 45 
which condenses a laser beam 43, and the photodiode (not shown) which 
detects the laser beam 43 reflected by the information record medium 10. 
[0083] The information record medium 10 is an information record medium of 
this invention explained with the operation gestalt 1 . The wavelength of a laser 
beam 43 is within the limits of 390nm - 430nm. The numerical aperture of an 
objective lens 45 is within the limits of 0.4-1 .1 . 

[0084] It is desirable by rotating the information record medium 10 by the record 
playback approach of the operation gestalt 3, so that it may become the linear 
velocity within the limits of 1m/second - 50m/second to perform informational 
record, playback, and elimination. 

[0085] When the information record medium 10 is equipped with the groove for 
tracking control, information may be recorded only on the part of groove 11a, 



and may be recorded only on the part of land 11b (refer to drawing 1 ). Moreover, 
information may be recorded on both groove 11a and land 11b. For example, 
when the groove is formed in both the 1st information layer 13 and the 2nd 
information layer 14, any of groove record / groove record, groove record / land 
record, land record / groove record, or land record / land record are sufficient as 
information record in the 1st information layer 13/the 2nd information layer 14. 
[0086] Information is recorded by making the peak power Pp of the higher one 
(mW), and the bias power Pb of the lower one (mW) modulate the laser beam 43 
to irradiate. An amorphous phase is formed of the exposure of the laser beam of 
Pp, and this serves as a record mark by it. Between record marks, a crystal 
phase is formed of the exposure of the laser beam of Pb. 
[0087] In case record playback of the 1st information layer 13 is carried out, a 
focus is doubled with the 1st recording layer 18, and a laser beam 43 is 
irradiated. Informational playback is performed by detecting the laser beam 43 
reflected from the 1st recording layer 18. In case record playback of the 2nd 
information layer 14 is carried out, a focus is doubled with the 2nd recording 
layer 27, and a laser beam 43 is irradiated. It is reflected by the 2nd recording 
layer 27 and informational playback is performed by detecting the laser beam 43 
which has penetrated the middle class 15 and the 1st information layer 13. 
[0088] 



[Example] Next, this invention is explained to a detail using an example. 
[0089] (Example 1 ) The example 1 estimated the relation between the ingredient 
of a recording layer, and a property. First, the sample 50 shown in drawing 5 was 
produced. The sample 50 of drawing 5 is equipped with 1st information layer 13a 
formed on the 1st substrate 51. 1st information layer 13a is pasted up on the 
dummy substrate 53 by the glue line 52. Below, the production approach of a 
sample 50 is explained. 

[0090] First, the 12mmx18mm polycarbonate substrate (thickness: 0.6mm) was 
prepared as a substrate 51. On a substrate 51, and the 1st dielectric layer 16 
(thickness: 90nm), the 1st volume phase 17 (thickness: 3nm), The 1st recording 
layer 18, the 2nd volume phase 19 (thickness: 3nm), the 2nd dielectric layer 20 
(thickness: 36nm), the 3rd volume phase 21 (thickness: 3nm), and the 1st 
reflecting layer 22 (thickness: 1 0nm) were formed by the sputtering method in 
order. 

[0091] In the example 1, ZnS-Si02 (SiO2:20mol%) was used for each dielectric 
layer, germanium-N was used for the field surface layer, and Ag alloy was used 
for the 1st reflecting layer 22. Moreover, the 1st recording layer 18 was formed 
with the ingredient (the content of germanium and Sn is 30.8 atoms % in total) 
expressed with empirical formula (germanium-Sn) 4Sb2Te7. The 1st recording 
layer 18 did not perform initialization, but was considered as as [ amorphous 



state ]. In the example 1, the content Y (atomic %) of the contents X (atomic %) 
and Sn of germanium in the 1st recording layer 18 was changed, and two or 
more samples were produced. 

[0092] The thickness of the 1st recording layer 18 was changed within the limits 
of 3nm - 12nm. The count based on a matrix method determined the thickness of 
the 1st and 2nd dielectric layers 16 and 20 so that it might become large greatly 
reflection factor changing [ of the 1st recording layer 18 in the wavelength of 
405nm ] the rate of light absorption of the 1st recording layer 18. 
[0093] Each dielectric layer was formed by carrying out RF sputtering (power: 
400W) of the base material (6mm in the diameter of 100mm, thickness) of 
ZnS-Si02 in Ar ambient atmosphere. The field surface layer was formed by 
carrying out RF sputtering (power: 300W) of the base material (6mm in the 
diameter of 100mm, thickness) of germanium in the mixed-gas ambient 
atmosphere of Ar gas and nitrogen gas. The 1 st recording layer 1 8 was formed 
by carrying out DC sputtering (power: 50W) of the base material (6mm in the 
diameter of 100mm, thickness) of a germanium-Sn-Sb-Te alloy in Ar gas 
ambient atmosphere. The membrane formation rate of the 1st recording layer 18 
was 0.5nm/second. The 1st reflecting layer 22 was formed by carrying out DC 
sputtering (power: 200W) of the base material (6mm in the diameter of 100mm, 
thickness) of a silver alloy. 



[0094] Next, on the 1st reflecting layer 22, the ultraviolet-rays hardenability resin 
used as a glue line 52 is applied, the dummy substrate 53 was stuck, resin was 
stiffened, and the 1st reflecting layer 22 and dummy substrate 53 were pasted 
up by the glue line 52. Initialization was not performed but the 1st recording layer 
18 was considered as as [ the amorphous phase after membrane formation 
(as-depo amorphous phase) ]. Thus, two or more samples 50 were produced. 
[0095] Thus, about the produced sample, it evaluated using the evaluation 
equipment shown in drawing 6 . The evaluation equipment of drawing 6 is 
equipped with a stage 61 and the optical head 62. The semiconductor laser 64 to 
which the optical head 62 carries out outgoing radiation of the laser beam 63 
with a wavelength of 405nm, and numerical aperture are equipped with the 
objective lens 65 of 0.65. 

[0096] Next, the evaluation approach of a sample is explained. First, the sample 
50 was fixed to the stage 61. And the pulse laser for 500ns was irradiated by 
3.5mW, and the 1st recording layer 18 was changed from the as-depo 
amorphous phase to the sample 50 at the crystal phase. Next, the pulse laser for 
40ns was irradiated by 7mW, the 1st recording layer 18 was once melted to the 
sample 50 from the crystal phase, and the amorphous phase was changed to it. 
Then, irradiation time irradiated the 3mW pulse laser within the limits of 10ns - 
500ns, and time amount required to change an amorphous phase to a crystal 



phase was measured. In addition, it determined with the reflection factor whether 
the phase change arose. A measurement result is shown in Table 1 . 
[0097] 
[Table 1] 
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[0098] Crystallization time amount is the irradiation time of the laser needed for 
changing an amorphous phase to a crystal phase among Table 1. The 
crystallization rate of the 1st recording layer 18 is so quick that this crystallization 
time amount is short. 

[0099] There was an inclination for crystallization time amount to become short, 
so that the concentration of Sn became high, as shown in Table 1 . Moreover, the 
inclination became large, so that the recording layer became thin. Thus, even, if it 
was the case that a recording layer was thin, crystallization time amount was 
able to be shortened by adding Sn to germanium-Sb-Te. 
[0100] (Example 2) In the example 2, the 1st information layer 13 shown in 
drawing 1 was produced, and the permeability was measured. 
[0101] First, the polycarbonate substrate with a thickness of 0.1mm was 
prepared for the diameter of 120mm as the 1st substrate 11. On this substrate, 
and the 1st dielectric layer 16 (thickness: 110nm), The 1st volume phase 17 
(thickness: 3nm), the 1st recording layer 18, the 2nd volume phase 19 
(thickness: 3nm), The 2nd dielectric layer 20 (thickness: 22nm), the 3rd volume 
phase 21 (thickness: 3nm), the 1st reflecting layer 22 (thickness: 10nm), the 4th 
volume phase 23 (thickness: 3nm), and the 3rd dielectric layer 24 (thickness: 
17nm) were formed by the sputtering method in order. The thickness of the 1st 



recording layer 18 was changed within the limits of 3nm - 12nm. The count 
based on a matrix method determined the thickness of the 1st and 2nd dielectric 
layers 16 and 20 so that it might become large greatly reflection factor changing 
[ of the 1st recording layer 18 in the wavelength of 405nm ] the rate of light 
absorption of the 1st recording layer 18. Moreover, the permeability of the 1st 
information layer 1 3 determined that the thickness of the 3rd dielectric layer 24 
will become high, without affecting record and the reproducing characteristics of 
the 1st information layer 13. 

[0102] germanium-N was used for the field surface layer like the example 1. 
ZnS-Si02 (SiO2:20mol%) was used for each dielectric layer like the example 1. 
The ingredient expressed with empirical formula (germanium-Sn) 4Sb2Te7 
(germanium:20.8 atom %, Sn:10 atom %) was used for the 1st recording layer 
18. 

[0103] Thus, the 1st obtained information layer 13 was stuck and united with the 
dummy substrate using ultraviolet-rays hardenability resin. Thus, the sample for 
transmissometry was obtained. 

[0104] About these samples, the permeability Ta in case the 1st recording layer 
18 is an amorphous phase was measured. Then, the 1st recording layer 18 was 
crystallized and permeability Tc was measured. Permeability measured the 
value in the wavelength of 405nm with the spectroscope. A measurement result 



is shown in Table 2. 
[0105] 
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[0106] In order to carry out incidence of the laser beam of sufficient amount for 
the 2nd information layer 14, it is desirable that the permeability of the 1st 
information layer 13 fills 40 <= (Tc+Ta) / 2. By setting thickness of the 1st 
recording layer 18 to 9nm or less, this condition can be fulfilled and 50 <= 
(Tc+Ta) / 2 can be filled by being referred to as 6nm or less so that clearly from 
Table 2. Therefore, the thickness of the 1st recording layer 18 has desirable 9nm 
or less. 

[0107] (Example 3) In the example 3, the information record medium 10 shown 
in drawing 1 was manufactured, and it investigated about the relation between a 
presentation and thickness of the 1st recording layer 18, and a property. 



[0108] First, the polycarbonate substrate with a thickness of 0.1mm was 
prepared for the diameter of 120mm as the 1st substrate 11. On this substrate, 
and the 1st dielectric layer 16 (thickness: 45nm), the 1st volume phase 17 
(thickness: 3nm), The 1st recording layer 18, the 2nd volume phase 19 
(thickness: 3nm), the 2nd dielectric layer 20 (thickness: 11nm), The 3rd volume 
phase 21 (thickness: 3nm), the 1st reflecting layer 22 (thickness: 10nm), the 4th 
volume phase 23 (thickness: 3nm), and the 3rd dielectric layer 24 (thickness: 
23nm) were formed by the sputtering method in order. The thickness of the 1st 
recording layer 18 was changed within the limits of 3nm - 9nm. 
[0109] About the volume phase and the dielectric layer, it formed with the same 
ingredient as the sample of an example 2, respectively. The 1st recording layer 
18 changed the content of Sn in the range of 0 - 20 atom % using the ingredient 
expressed with empirical formula (germanium-Sn) 4Sb2Te7. Each class was 
produced by the same approach as an example 1. 

[0110] Next, the polycarbonate substrate with a thickness of 1.1mm was 
prepared for the diameter of 120mm as the 2nd substrate 12. On this substrate, 
and the 2nd reflecting layer 31 (thickness: 80nm), the 7th volume phase 30 
(thickness: 3nm), The 5th dielectric layer 29 (thickness: 11nm), the 6th volume 
phase 28 (thickness: 3nm), the 2nd recording layer 27 (thickness: 12nm), the 5th 
volume phase 26 (thickness: 3nm), and the 4th dielectric layer 25 (thickness: 



65nm) were formed by the sputtering method. The count based on a matrix 
method determined each dielectric layer thickness so that record and the 
reproducing characteristics of the 2nd recording layer 27 might become good. 
[0111] Ag alloy was used for the 2nd reflecting layer 31 . germanium-N was used 
for the field surface layer. ZnS-Si02 (SiO2:20mol%) was used for each dielectric 
layer. The ingredient expressed with empirical formula germanium4Sb2Te7 was 
used for the 2nd recording layer 27. The dielectric layer, the volume phase, and 
the reflecting layer were formed by the approach explained in the example 1 , 
respectively. The 2nd recording layer 27 was formed by carrying out DC 
sputtering (power: 100W) of the base material of a germanium-Sb-Te alloy in the 
mixed-gas ambient atmosphere of Ar gas and N2 gas. 

[0112] Next, the 1st recording layer 18 and 2nd recording layer 27 were 
initialized namely, crystallized, respectively. Then, the 1st information layer 13 
and the 2nd information layer 14 were pasted up using ultraviolet-rays 
hardenability resin. Thus, two or more samples from which a presentation and 
thickness of the 1st recording layer 18 differ were produced. 
[01 13] Thus, about the obtained sample, the rate of elimination of a record mark 
and CNR (Carrier to Noise Ratio) were measured. The record regenerative 
apparatus shown in drawing 4 was used for this measurement. Specifically, 
numerical aperture used the objective lens of 0.85 using the laser beam whose 



wavelength is 405nm. Linear velocity of the rate of elimination and the 
information record medium 10 at the time of CNR measurement was made into 
8.6 m/s. The signal was recorded on the land part (refer to land 1 1of drawing 1 
b). A measurement result is shown in Table 3. 
[0114] 
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[01 15] It is desirable that the rate of elimination is 20dB or more in an information 
record medium, and it is more desirable that it is 30dB or more. Moreover, as for 
CNR, it is desirable that it is 40dB or more, and it is more desirable that it is 50dB 
or more. 

[0116] As shown in Table 3, with both the samples 3-1 to 3-7 that have not 
added Sn, the rate of elimination and CNR were especially low, and when 
thickness was 6nm or less, the rate of elimination was 10dB or less. When Sn 
was added, the rate of elimination improved, and with the sample 3-18 using the 
1st recording layer 18 in which thickness contains Sn of 10 atom % by 6nm, the 
good result of [ rate / of elimination ] 52dB in CNR was obtained by 34dB. 
[01 17] the result of an example 3 ~ the content Y (atomic %) of the contents X 
(atomic %) and Sn of germanium -- about - when X / 5 <=Y<=about 2 X was 
filled, the good record elimination property was acquired. When [ both ] the about 
X/2 <=Y<= abbreviation X was filled especially, the property excellent in the rate 
of elimination and CNR was shown. 

[01 18] In addition, the result of an example 3 is a result in case the linear velocity 
of an information record medium is 8.6 m/s, and if linear velocity is made late, 
the rate of elimination and CNR will become high. 

[0119] In addition, information record-medium 10a was produced by the 



manufacture approach of the operation gestalt 2, and the same result as the 
place which carried out this example was obtained (the same was said of the 
following examples 5, 6, 7, 8, 10, and 11). 

[0120] (Example 4) In the example 4, except for the 1st recording layers 18 
differing, the same sample as an example 1 was produced, and the same 
evaluation as an example 1 was performed. 

[0121] In the example 4, thickness of the 1st recording layer 18 was set to 6nm, 
and the ingredient expressed with empirical formula (germanium-Sn) 
ASb2Te3+A was used. And two or more samples to which the value of A was 
changed were produced, and the relation between a presentation and 
crystallization time amount was evaluated. The content Y of Sn (atomic %) was 
made into the abbreviation one half of the content X of germanium (atomic %). 
The measurement result of crystallization time amount is shown in Table 4. 
[0122] 
[Table 4] 
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[0123] When the value of A was enlarged so that clearly from Table 4, it turned 
out that there is an inclination for crystallization time amount to become long. 
[0124] (Example 5) In the example 5, except for the 1st recording layers 18 
differing, the same sample as an example 3 was produced, and CNR and the 
rate of elimination were measured by the same approach as an example 3. The 
1st recording layer 18 set thickness to 6nm, and formed it using the ingredient 
expressed with empirical formula (germanium-Sn) ASb2Te3+A. And two or more 
samples to which the value of A was changed were produced. The content Y of 
Sn (atomic %) was made into the abbreviation one half of the content X of 
germanium (atomic %). A measurement result is shown in Table 5. 
[0125] 
[Table 5] 
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[0126] As shown in Table 5, when the value of A was small, CNR became low, 
and when the value of A was large, there was an inclination for the rate of 
elimination to fall. This inclination is in agreement with the result of an example 4. 
When the recording layer of an example 5 is used, it is desirable that A fills 
2<=A<=10. 

[0127] (Example 6) In the example 6, except for the 1st recording layers 18 
differing, the same sample as an example 3 was produced, and CNR and the 
rate of elimination were measured by the same approach as an example 3. The 
1st recording layer 18 set thickness to 6nm, and formed it using the ingredient 
expressed with empirical formula (germanium-Sn) ASb2Te3+A. And two or more 
samples to which the value of A was changed were produced. Differing in the 
example 5, the content Y of Sn (atomic %) presupposed that it is almost the 



same as the content X of germanium (atomic %). A measurement result is 

shown in Table 6. 

[0128] 



[Table 6] 
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[0129] When the recording layer of an example 6 is used so that clearly from 
Table 6, it is desirable that A fills 2<=A<=22. 

[0130] (Example 7) In the example 7, the same sample as an example 3 was 
produced except for the 1st recording layers 18 differing. The 1st recording layer 
18 set thickness to 6nm, and formed it with the ingredient expressed with 
empirical formula (germanium-Sn) 22SbBTe25. In the example 7, two or more 
samples which changed the value of B were produced. 

[0131] About these samples, the count of a cycle life (it may be hereafter called 



the record cycle engine performance) and record-keeping nature were evaluated 
using the equipment of drawing 5 . The count of a cycle life repeated and 
recorded 3T signal and the random signal, and made them the count until 3T 
signal falls by 3dB. Temperature left the sample which recorded 3T signal under 
the environment where relative humidity is 20%, at 90 degrees C for 100 hours, 
and record-keeping nature measured and evaluated the fall of the amplitude of 
3T signal. An evaluation result is shown in Table 7. 
[0132] 
[Table 7] 
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[0133] A1-D1 show the count of a cycle life among Table 7. Specifically, it is D 
1< 1000, 1000 <=C 1< 5000, 5000 <=B1<10000, and 10000 <=A1. Moreover, 
A2-E2 show the amount of falls of the amplitude of 3T signal. Specifically, they 
are 3 dB<=D2, 2< 3dB of 1 dB<=C, 0dB<B-2<1dB, and A2=0dB. Moreover, E2 
has a slow crystallization rate and it is shown that the rate of elimination was less 
than 10dB. 

[0134] As shown in Table 7, the cycle engine performance of the one where the 
concentration of Sb in a recording layer is higher improved. Moreover, the 
presentation range where both the cycle engine performance and record shelf 
life become good spread by increasing both the concentration of Sb, and the 
concentration of Sn. Therefore, when using the recording layer (A= 22) of an 
example 7, it is desirable that the contents Y (atomic %) and B of Sn fill 0< 
Y<=25 and 2<=B<=4, respectively. 

[0135] (Example 8) In the example 8, the sample from which only the 
presentation of the 1st recording layer 18 differs in an example 7 was produced, 
and the same measurement as an example 7 was performed. Specifically, the 
1st recording layer 18 was formed using the ingredient expressed with empirical 
formula (germanium-Sn) 2SbBTe5. Consequently, when the recording layer (A= 
2) of an example 8 was used, it was desirable that B and Y filled 2<=B<=4 and 



0< Y<=15, respectively. 

[0136] (Example 9) In the example 9, the same sample as an example 2 was 
produced except for the 1st recording layer 18 and 1st reflecting layer 22 
differing from each other. Specifically, the 1st recording layer 18 changed 
thickness within the limits of 1nm - 9nm using the ingredient by which an 
empirical formula is expressed with 4(germanium-Sn) Sb2Te7. Thickness was 
set to 3, 5, 7, 10, 12, 15, and 17 or 20nm at the 1st reflecting layer 22 using Ag 
alloy. 

[0137] About two or more produced samples, the amplitude of a reflection factor, 
permeability, and 3T signal was measured. Consequently, the thickness of the 
1st reflecting layer 22 was understood that it is desirable that it is within the limits 
of 5nm - 15nm, and it is more desirable that it is within the limits which is 8nm - 
12nm. When there was no 1st reflecting layer 22, the reflection factor of the 1st 
information layer 13 fell. Moreover, when the 1st reflecting layer 22 was thinner 
than 5nm, the diffusion function of heat fell and the amplitude of 3T signal 
became small. Moreover, when thicker than 15nm, the permeability of the 1st 
information layer 13 fell. 

[0138] (Example 10) In the example 10, the sample was produced by the same 
approach as an example 3 except for having changed the record location of the 
1st recording layer 18 and an information signal. The 1st recording layer 18 set 



thickness to 6nm, and, specifically, the empirical formula formed it with the 
ingredient expressed with 4(germanium-Sn) Sb2Te7 (however, Sn:10 atom %). 
Information was recorded on either the groove (groove surface of the direction 
near the incidence side of a laser beam) formed for tracking control, or the land 
(groove surface of the one distant from the incidence side of a laser beam). 
[0139] The permeability of the 1st information layer 13 of these samples was 
50% on the average. The rate of elimination and CNR were measured by the 
same approach as an example 3 about these samples. In addition, it was made 
to change in the example 10 also about the power Pp of the laser beam at the 
time of forming a record mark (amorphous phase), and the power Pb of the laser 
beam at the time of forming a crystal phase. A measurement result is shown in 
Table 8. 
[0140] 
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[0141] The result with good 30dB<= (rate of elimination) and 50 dB<=CNR was 



obtained irrespective of whether the record location of the 1st information layer 
13 is the part of a groove, or it is the part of a land, the record location of the 2nd 
information layer 14 is the part of a groove, or it is the part of a land so that 
clearly from Table 8. That is, both the properties of the 1st information layer 13 
and the 2nd information layer 14 were good irrespective of the record location of 
a signal. 

[0142] (Example 11) In the example 11, the sample was produced like the 
sample 3-18 of an example 3 except for the formation approaches of the 1st 
recording layer 18 and the 2nd recording layer 27 differing. Specifically, the 1st 
recording layer 18 and 2nd recording layer 27 were formed by performing DC 
sputtering in a krypton gas ambient atmosphere. Thus, about the obtained 
sample, the signal was recorded on the land part (refer to land 1 1 of drawing 1 b), 
and the record cycle engine performance was evaluated. In evaluation of the 
record cycle engine performance, it carried out by measuring CNR of 3T signal, 
and the count until it falls by 3dB from an early CNR value was made into the 
record cycle life. An evaluation result is shown in Table 9. 
[0143] 
[Table 9] 
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[0144] Compared with the sample 3-18 which formed the recording layer in the 
argon gas ambient atmosphere, as for the sample 9-1 which formed the 
recording layer in the krypton gas ambient atmosphere, the cycle engine 
performance has been improved about 1 .5 times so that clearly from Table 9. 
[0145] (Example 12) In the example 12, addition of Sb and Sn investigated the 
effect which it has on crystallization temperature and crystallization time amount. 
Seven layer of 6nm of 4SbBTe(s) were formed as the 1st recording layer 18 
(germanium-Sn) on the quartz substrate to crystallization thermometries, and 
5nm of germanium-N layers was formed on it. It presupposed that it is fixed at 
A= 4, and five kinds of samples which changed the value of B and Y were 
manufactured. Crystallization temperature was measured about these samples. 
The temperature which the rapid permeability fall accompanying crystallization 
produced defined crystallization temperature. Transmission change was 
measured carrying out the temperature up of the sample by the laser beam. Like 
the example 1, crystallization time amount produced the sample 50 of drawing 5 , 
and measured it using the evaluation equipment of drawing 6 . The sample for 



crystallization thermometries and five kinds of samples with the same 
presentation of the 1st recording layer 18 were measured at that time. Thickness 
of the 1st recording layer 18 was set to 6nm. A measurement result is shown in 
Table 10. 
[0146] 
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[0147] When a sample number 1-4, 1-24, and 1-34 were compared and only Sn 
was added by B= 2, crystallization time amount became short with 90ns -> 50ns 
-> 20ns, and crystallization temperature fell by 30 degrees C in connection with it 
with 200 degrees C -> 180 degrees C -> 170 degrees C. The fall of 
crystallization temperature spoils the thermal stability of a record mark. On the 
other hand, crystallization temperature was suppressed by the fall (200 degrees 
C -> 195 degrees C -> 185 degrees C and 15 degrees C), although 
crystallization time amount became short almost equally with 90ns -> 55ns -> 
22ns when Sb was increased and it was made B= 3. Thus, the direction which 



added Sb and Sn becomes possible [ shortening crystallization time amount ], 
securing thermal stability rather than adding only Sn. 

[0148] (Example 13) In the example 13, the relation between the value of Tc of 
the 1st information layer, Ta, and |deltaT|/Tc (here, it is deltaT=Tc-Ta) and the 
recording characteristic of the 2nd information layer was investigated. 
[0149] Information record-medium 10a of drawing 3 was manufactured 
according to the approach of the operation gestalt 2. Change of the record 
sensibility of the 2nd information layer 14 in case the 1st information layer 13 is 
in an initial state (complete crystal) or a record condition (mixture of a crystallized 
state and an amorphous state) was measured using the evaluation equipment of 
drawing 4 about the manufactured sample. The thickness of the 1st dielectric 
layer 16, the 2nd dielectric layer 20, and the 3rd dielectric layer 24 was changed, 
and information record-medium 10a from which Tc and Ta differ was 
manufactured. 

[0150] First, the polycarbonate substrate with a thickness of 1.1mm was 
prepared for the diameter of 120mm as the 2nd substrate 12. And the 2nd 
information layer 14 was formed on this substrate. Specifically The 2nd reflecting 
layer 31 (thickness: 80nm), the 7th volume phase 30 (thickness: 3nm), The 5th 
dielectric layer 29 (thickness: 1 1 nm), the 6th volume phase 28 (thickness: 3nm), 
the 2nd recording layer 27 (thickness: 12nm), the 5th volume phase 26 



(thickness: 3nm), and the 4th dielectric layer 25 (thickness: 65nm) were formed 
by the sputtering method in order. The 2nd recording layer 27 was formed with 
the ingredient expressed with empirical formula germanium8Sb2.6Te11. Other 
layers were formed with the same ingredient as the sample of an example 3. 
[0151] Next, initialization to which the 2nd recording layer 27 is changed from an 
amorphous phase to a crystal phase was performed by irradiating a laser beam 
at the 2nd information layer 14. 

[0152] Next, the interlayer 15 by whom the groove was imprinted was formed by 
ultraviolet-rays hardenability resin on the 4th dielectric layer 25. 
[0153] Next, the 1st information layer 13 was formed on the interlayer 15. 
Specifically The 3rd dielectric layer 24, the 4th volume phase 23 (thickness: 
3nm), The 1st reflecting layer 22 (thickness: 10nm), the 3rd volume phase 21 
(thickness: 3nm), The 2nd dielectric layer 20, the 2nd volume phase 19 
(thickness: 3nm), the 1st recording layer 18 (thickness: 6nm), the 1st volume 
phase 17 (thickness: 3nm), and the 1st dielectric layer 16 were formed by the 
sputtering method in order. Next, initialization to which the 1st recording layer 18 
is changed from an amorphous phase to a crystal phase was performed by 
irradiating a laser beam at the 1st information layer 13. 

[0154] The 1st recording layer 18 was formed with the ingredient expressed with 
empirical formula (germanium-Sn) 8Sb2Te11 (Sn:10 atom %). About other 



layers, it formed with the same ingredient as an example 3. 
[0155] Next, the 1st information layer 13 and 1st substrate 11 were pasted up 
using ultraviolet-rays hardenability resin. The diameter used for the 1st substrate 
1 1 the polycarbonate substrate whose thickness is 0.09mm by 120mm. The sum 
total of the thickness of a glue line 36 and the thickness of the 1st substrate 1 1 
was 0.1mm. 

[0156] Using the evaluation equipment of drawing 4 , when the 1st information 
layer 13 was in an initialization condition, 3T signal was recorded on the 2nd 
information layer 14 by linear-velocity 5 m/s at the part of a groove. Pp (mW) and 
Pb (mW) from which 50dB CNR is obtained were measured. Next, 3T signal was 
recorded on the part of the groove of the 1st information layer 13, and 3T signal 
was recorded and measured into the part of the groove of the 2nd information 
layer 14 which the laser beam which penetrated the record part condenses. 
[0157] Tc and Ta produced the disk sample which formed only the 1st 
information layer 13, and measured it with the spectroscope like the example 2. 
A measurement result is shown in Table 1 1 . 

[0158] In addition, D1, D2, and D3 of front Naka show the thickness of the 1st, 
2nd, and 3rd dielectric layers 1 6, 20, and 24, respectively. 
[0159] 
[Table 11] 
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[0160] As shown in Table 11, the one where |deltaT|/Tc is smaller did not 
depend on the condition of the 1st information layer 13, but the 2nd information 
layer 14 has verified that record sensibility change was small. Moreover, since 
the recorded fields increase in number as a user uses an information record 
medium and saves a new file, it is more desirable to satisfy Tc<Ta so that 
decline in permeability may not follow. A sample 11-3 has small permeability at 
(Tc+Ta) / 2= 41 (%), and the difference of Tc and Ta is a large configuration in 
|deltaT|/Tc=0.16. With this configuration, the 1st information layer 13 was 
considered that the record sensibility of the 2nd information layer 14 in an 



initialization condition of those with about 13mW and permeability is a minimum 
mostly. Moreover, since the difference of Tc and Ta was large, when the 1st 
information layer 13 was in a record condition, nonuniformity arose in the 
amplitude of 3T signal of the 2nd information layer 14. Therefore, as for 
|deltaT|/Tc, it is desirable that it is 0.15 or less, and it is more desirable that it is 
0.05 or less. 

[0161] In addition, in this example, although initialization of the 1st information 
layer 13 and the 2nd information layer 14 was performed before it pasted up the 
1st substrate 11, it may perform the process of initialization at other stages. For 
example, you may initialize, after pasting up the 1st substrate 11, and the same 
result and effectiveness are acquired even in such a case. 
[0162] (Example 14) In the example 14, count based on a matrix method was 
performed and it investigated about the relation between the ingredient of the 
3rd dielectric layer 24 and thickness, and the permeability of the 1st information 
layer 13. 

[0163] Count The 1st volume phase 17 of a polycarbonate substrate / 16/of the 
1st dielectric layer (- thickness: ~ 3nm) / the 1st recording layer 18 (thickness: It 
carried out by assuming the structure of 6nm) / the 2nd volume phase 19 
(thickness: 3nm) / dielectric layer 20 (thickness: 23nm) / the 3rd volume phase 
21 (thickness: 3nm) / reflecting layer 22 (thickness: 10nm) / the 4th volume 



phase 23 (thickness: 3nm) / dielectric layer 24. [ 2nd ] [ 1st ] [ 3rd ] In addition, in 
count in case there is no 3rd dielectric layer 24, it calculated as what the 4th 
volume phase 23 does not have, either. 

[0164] It calculated about Tc, Ta, Ac, and Aa when changing the thickness D1 of 
the 1st dielectric layer 16 (nm), and the ingredient and thickness of the 3rd 
dielectric layer 24. Tc and Ac show the permeability of the 1st information layer 
13 in case the 1st recording layer 18 is a crystal phase, and the rate of light 
absorption of the 1st recording layer 18, respectively. Moreover, Ta and Aa show 
the permeability of the 1st information layer 13 in case the 1st recording layer 18 
is an amorphous phase, and the rate of light absorption of the 1st recording layer 
18, respectively. A count result is shown in Table 12. The result of Table 12 is a 
value when setting up dielectric layer thickness so that the reflection factor Rc of 
the 1st information layer 13 in case the 1st recording layer 18 is a crystal phase 
(%), and the reflection factor Ra of the 1st information layer 13 in case the 1st 
recording layer 18 is an amorphous phase (%) may fill Ra<=1 and 5 <=Rc/Ra. 
[0165] 
[Table 12] 
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[0166] As shown in Table 12, when there was no 3rd dielectric layer 24, Tc and 
Ta were 42% or less. On the other hand, Tc and Ta were able to be made into 
45% or more by forming the 3rd dielectric layer 24. Moreover, it was confirmed 
by count that Tc and Ta can be enlarged, so that the refractive index was large. 
In order to make permeability 50% or more, it is desirable that a refractive index 
forms the 3rd dielectric layer 24 with 2.3 or more ingredients. 
[0167] Next, in order to verify a count result, the 1st information layer 13 was 
actually produced and permeability was measured with the spectroscope. 
[0168] The 1st information layer 13 was produced by the following approaches. 
First, the polycarbonate substrate with a thickness of 1.1mm was prepared for 
the diameter of 120mm. On this substrate, the 3rd dielectric layer 24, the 4th 



volume phase 23 (thickness: 3nm), The 1st reflecting layer 22 (thickness: 10nm), 
the 3rd volume phase 21 (thickness: 3nm), The laminating of the 2nd dielectric 
layer 20 (thickness: 23nm), the 2nd volume phase 19 (thickness: 3nm), the 1st 
recording layer 18 (thickness: 6nm), the 1st volume phase 17 (thickness: 3nm), 
and the 1st dielectric layer 16 was carried out to order. The 3rd dielectric layer 
and volume phase except a dielectric layer 24 were formed with the same 
ingredient as the sample of an example 3. The 1st recording layer 18 was 
formed with the ingredient expressed with empirical formula (germanium-Sn) 
8Sb2Te1 1 (Sn:10 atom %). And two or more samples to which the ingredient of 
the 3rd dielectric layer 24, thickness, and the thickness of the 1st dielectric layer 
16 were changed were produced. Moreover, the sample which does not form the 
4th volume phase 23 and 3rd dielectric layer 24 for a comparison was also 
produced. The result of having measured the permeability Tc and Ta of the 1st 
information layer 1 3 about these samples is shown in Table 1 3. 
[0169] 
[Table 13] 





D1 




Tc 


Ta 




(nm) 




D3(nm) 


(%) 


(« 


13-1 


55 




39 


41 


13-2 


50 


MgO 


34 


44 


46 


13-3 


50 


Al 2 0 3 


34 


45 


45 


13-4 


50 


AIN 


34 


45 


45 


13-5 


50 


Al-Ti-N 


23 


49 


48 


13-6 


50 


ZnTe-0 


23 


47 


48 


13-7 


45 


ZnS-Si0 2 


17 


50 


50 


13-8 


45 


ZnO 


17 


51 


49 


13-9 


45 


Zr0 2 -Si0 2 


17 


49 


50 


13-10 


45 


TeO z 


17 


52 


52 


13-11 


45 


Ta 2 0 5 


17 


52 


51 


13-12 


45 


Zr0 2 


17 


52 


51 i 


13-13 


40 


Ti0 2 


17 


54 


53 



[0170] As shown in Table 13, the result almost as predicted was obtained. With 
the sample 13-7 to 13-13, 50% or more of permeability was obtained. Thus, the 
permeability of the 1st information layer 13 improved by leaps and bounds by 
forming the 3rd dielectric layer 24. 

[0171] As mentioned above, although the example was given and explained 
about the gestalt of operation of this invention, this invention is not limited to the 
gestalt of the above-mentioned implementation, but can be applied to other 
operation gestalten based on the technical thought of this invention. 
[0172] 

[Effect of the Invention] As explained above, according to the information record 



medium and its manufacture approach of this invention, it has two recording 
layers and the information record medium in which high density record is 
possible is obtained. 

[0173] Moreover, according to the record playback approach of this invention, 
high density record is possible. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] an example is shown about the information record medium of this 
invention - it is a sectional view a part. 

[Drawing 2] It is drawing showing the presentation range of the 1st recording 
layer about the information record medium of this invention. 
[Drawing 3] other examples are shown about the information record medium of 
this invention ~ it is a sectional view a part. 

[Drawing 4] It is drawing showing the configuration of an example typically about 
the record regenerative apparatus used for the record playback approach of this 
invention. 

[Drawing 5] the configuration of the sample used for evaluation of the information 



record medium of this invention is shown - it is a sectional view a part. 
[Drawing 6] It is drawing showing typically the configuration of the evaluation 
equipment used for evaluation of the information record medium of this invention. 
[Description of Notations] 

10 10a Information record medium 

11 1st Substrate 
11a Slot 

11b Land 

12 2nd Substrate 

13 13a 1st information layer 

14 2nd Information Layer 

15 Interlayer 

16 1st Dielectric Layer 

17 1st Volume Phase 

18 1st Recording Layer 

19 2nd Volume Phase 

20 2nd Dielectric Layer 

21 3rd Volume Phase 

22 1st Reflecting Layer 

23 4th Volume Phase 



24 3rd Dielectric Layer 

25 4th Dielectric Layer 

26 5th Volume Phase 

27 2nd Recording Layer 

28 6th Volume Phase 

29 5th Dielectric Layer 

30 7th Volume Phase 

31 2nd Reflecting Layer 
35, 43, 63 Laser beam 
36 Glue Line 

40 Record Regenerative Apparatus 

41 Spindle Motor 

42 62 Optical head 

44 64 Semiconductor laser 

45 65 Objective lens 

50 Sample 

51 Substrate 

52 Glue Line 

53 Dummy Substrate 
61 Stage 



